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Fiber-optic gyroscopes are normally provided with an ihdeiiendeht photodetector for detecting the 
interfering beams. The existence of the independent photodetector requires two beam dividing-and- 
combining devices for equalizing the experiences of the clockwise-spreading beam and the court-, 
terdockwise-spreading beam. Instead of the independent photodetector, the light source itself or a 
monitoring photodiode may be used to detect the interfering beams by the change of driving current, 
applied voltage or photocurrent. Optimum light sources, interposition of polairizer, position of de- 
polarizer and use of birefringent material as polarizer are explained. 
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This invention relates to a fiber-optic gyroscope 
which deduces a signal from a light source. Afiber-op- 
tic gyroscop measures angular velocity or ration 
speed of a moving object with rotation, e.g. airplanes, 
ships or automobiles. 

This application claims the priority of Japanese 
Patent Applications No.260662/1 992 filed September 
2, 1992 and No.57756/1993 fHed February 22, 1993 
which are incorporated herein by reference. 

A fiber-optic gyroscope measures an angular ve- 
locity by splitting monochromatic light beams into 
halves, propagating the beams clockwise and coun- 
terclockwise in a fiber coil which winds a single-mode 
fiber many turns; making the clockwise^spreading 
beam and counterclockwise-spreading beam inter- 
fere With each other and detecting the light intensity 
of the interfering beams by a photod elector. A fiber- 
optic gyroscope is constructed by a light source, a fib- 
er coil, beam dividing-and-combining devices, and a 
photodetector. Fig.2 shows a fundamental structure 
of prior fiber-optic gyroscope. A light source emits 
monochromatic light beams. Passing through a sec- 
ond beam dividing-and-combining device (2), the 
light beams are polarized by a polarizer (3) into line- 
arly-polarized beams. The lineary-polarized beams 
are divided into halves by a first beam dividing-and- 
combining device(4). All dividing-and-combining de- 
vices are shown as dividing-and-integrating devices 
in figures annexed to this application. Partial beams 
enter both ends of a fiber coil (5) which is fabricated 
by winding a single mode fiber many turns. The fiber 
coil is an optical path for inviting Sagnac Effect be- 
tween the. clockwise-spreading beam and the coun- 
terclockwise-spreading beam. When the fiber coil is 
rotating, optical paths for the clockwise beam and 
counterclockwise beam become different. A phase 
difference A9 appears between the clockwise beam 
and the counterclockwise beam. The phase differ- 
ence decreases the intensity of the interfering 
beams. This decrement is a function of the phase dif- 
ference A8. In practical, the beams propagated clock- 
wise and counterclockwise meet together at the first 
beam dividing-and-combining device (4), pass 
through the polarizer (3), reflect at the second beam 
dividing-and-combining device (2) and enter the pho- 
todetector {7). In the photodetector, the clockwise 
beam and counterclockwise beam interfere with each 
other. The intensity of the interfering beams is detect- 
ed by the photodetector. The decrease of the output 
of the photodetector teaches the angular velocity of 
the fiber coil. 

The light source (1) is indispensable for produc- 
ing light beams which shall propagate in the fiber coil 
clockwise and counterclockwise. The photodetector 
senses the change of the intensity of interfer nee 
beams including the phase difference between the 
clockwise beam and counterclockwise beam. Two 
b am dividing-and-combining devices are used in a 



conv rttional fiber-optic gyroscop . Such a structure 
shown by Fig.2 is w II known as fa "minimum config- 
- uratton" of a fib r-optics gyroscope. All practically- 
used fiber-optic gyroscopes and all proposed fiber- 
5 : optic gyroscopes are versions of t he minimum config- 
uration shown by Fig.2. There are various revisions of 
the fundamental structure shown by Fig.2. However, 
no prior one has succeeded in curtaBing any part in- 
cluded in the minimum configuration. 

10 Fig. 3 demonstrates a principle of fiber-optic gyro- 

scope. The gyroscope consists of a light source (1), 
a beam dividing-and-combining device (4), a fiber coil 
(5) and a photodetector (7). Light beams emanating 
from the light source (1) are divided into halves by the 

15 beam dividing-and-combining device, e.g. a beam 
splitter, a fiber coupler, etc. Two partial beams enter 
both ends of the optical fiber coil (5) and spread 
clockwise and counterclockwise many turns in the 
fiber coil. The clockwise propagating beam and the 

20 counterclockwise propagating beam are integrated at 
the beam dividing-and-combining device (4). The in- 
terfering beams are detected by the photodetector 
(7). The principle of the gyroscope includes only one 
beam dividing-and-combining device. However, such 

25 the fiber-optic gyroscope on principle has not been 
used as it is. In the structure, the paths which the 
clockwise-spreading beam and the counterclock- 
wise-spreading beam experience are different, since 
the photodetector and one end of the coil are posi- 

30 tioned on one side of the beam dividing-arid-combin- 
ing device, and the light source and the other end of 
the coil are positioned on the other side thereof. An- 
nexed drawing of Fig. 3 demonstrates the path of the 
partial beams. The clockwise beam {CW> is reflected 

35 twice by the beam splitter (4); Here the beam divid- 
ing-and-combining device is referred to as a beam 
splitter in short The counterclockwise beam (CCW) is 
not reflected but passes straightforward twice 
through the beam splitter. Optical paths are different 

40 for the reflection and the straight passage. Even 
when the fiber coil is at rest, some phase difference 
is induced between the clockwise beam and the 
counterclockwise beam owing to the single beam 
splitter. A fiber coupler is often used instead of the 

45 beam splitter as a beam dividing-and-combining de- 
vice. The same difficulty will accompany the gyro- 
scope having one coupler. 

The structure of Fig.3 is incapable of equalizing 
the experiences of the clockwise beam and the coun- 

so terctockwise beam exactly. To avoid the d if f iculty, t he 
fundamental structure of Fig.2 has been employed. 
The gyroscope of Fig.2 forces both the clockwise 
beam and counterclockwise beam to experience re- 
flection once and straight passage once equally. The 

55 clockwise beam is reflected first and th ri pass s 
straight at the beam splitter. Th beam passes 
straight first and is reflected next Fig.2 can equalize 
the xperiences of th both spreading b ams. In the 
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case of a fiber coupler; instead of a b am splitter, the 
structure of Fig.2 can soly the same difficulty. In any 
kinds of beam dividing-anqVcombining devices, Rg.2 
can keep; the phase difference to be zero when the 
gyroscope is at rest The gyroscope of Fig.2 harrrion- 
izes the experience of the clockwise-spreading beam 
with the experience of the counterclockwise beam. 
Therefore* the assembly of Fig.2 is called a minimum 
. configuration. 

... , Drawbapks of. the prior f iber-optic gyroscope will 
how be explained. The gyroscope of Fig.2 requires 
two beam diyiding^andTCombining devices (2) and 
(4). A single beani dividing-and-combining device is 
sufficient only to divide light into halves and to inte- 
grate again. The other beam dividing-and-combining 15 
device is required to equalize t he experiences of t he 
clockwise- and , counterclockwise- propagating 
beams.^ Two beam dividing-and-combining devices 
enhanee^the cost of parte and the cost of assembly. 

Especially, in the case of all-fiber type of gyro- 20 
scopes, the beamdwiding-and-cpmbining device is a 
fiber coupler. A fiber coupler is fabricated by bringing 
two optical fibers into contact, heating the fibers for 
mejtingjog ether, pulling the molten fibers, and letting 
fiber cores approach each ,6t her within the distance 25 
which enables the fiber cores to couple with each 
other through evanescent waves. If a light beam en- 
ters one end of a fiber,, the beam will be divided 
through the evanescent coupling and two beams will 
go out from two ends of the fibers. The ratio of the in- 30 
tensity of the two beams must be settled to be 50:50 
by adjusting the pulling length of the molten fibers, 
the difficulty of fabrication raises the cost of fiber 
coupler. Thus, the fiber coupler is more important 
than other parts in view of the total cost of the gyro- 35 
scope. " 

Another drawback of Fig.2 is the loss of light en- 
ergy at A the_ second beam dividing and integrating de- 
vice (Tbeam splitter ) (2). The second beam splitter (2) 
yieldsJn both ways extra beams which will be aban- 40 
dbned as jheffective bearns. The energy of the aban- 
doned beams is Half of the total light energy. Namely, 
half of the beams emanating from the light source is 
reflected at the second beam splitter (2) and is aban- 
doned in yain. Furthermore, half of the returning 45 
beams-from the fiber ppij (5) pass straight through the 
beam splitter (2) and is abandoned similarly at the 
light source. At most one fourth of the energy is used 
ef fectiye|)r : in the gyroscope of fig.Z The second 
beamsplitter invifes 6 dB of the loss of light energy. 50 
The gyroscope of Fig. 2 sustains a low efficiency of 
light power and aldw S/^ ratio ( signai to noise ratio). 

Saving one beam dividing-and-combining device 
is desired for t he gyroscope. Decrement of one device 
will fficientiy reduce the parts cost and th loss of 55 
light power. However, all parts appearing in Fig.2 
seem to be iridispensabl . A gyrdscop would mal- 
function, if any part were eliminated from the mini- 



mum configuration of Fig.2. A blunt removal of one 
beam dividing-and-combining devic will lead t the 
structure of Fig.3. How ver, Fig.3 gen rat s offset 
between the optical paths of clockwise- and counter- 
5 clockwise-spreading beam?. The structure of Fig.3 is 
inapplicable to the practical use. 

O ne pu rpose of t h is invention is to provide a fiber- 
optic gyroscope which allows to reduce one beam div- 
iding-and-combining device without missing the 
10 equality of optical paths of clockwise- and counter- 
clockwise beams. Second purpose of this invention is 
to provide a fiber-optic gyroscope which dispenses 
with a photodetector. Third purpose of this invention 
is to provide a fiber-optic gyroscope enabling to re- 
duce; the parts cost and assembly cost Fourth pur- 
pose of this invention is to provide a fiber-optic gyro- 
scope which is endowed with high sensitivity by 
adopting an optimum light source. Fifth purpose of 
this invention is to provide a fiber-optic gyroscope 
which is immune from the fluctuation of the scale fac- 
tor. . t 

the fiber-optic gyroscope of this invention can 
reduce the photodetector which can detect the inten- 
sity. of the interfering beams in prior ones. Instead of 
the photodetector, this invention detects the intensity 
of the interfering light beams by a light source itself 
or a monitoring photodetector accompanying a light 
source. Namely, the light source itself or the monitor- 
ing photodetector plays a role of a photodetector. Re- 
moval of the phptpdetector allows the gyroscope to 
curtail one beam dividing-and-combining device also. 
Since the photodetector is eliminated, the second 
beam dividing-and-combining device which reflects 
the returning light to the photodetector becomes un- 
necessary, The photodetector is replaced by the light 
source or the monitoring photodetector belonging to 
the light source. 

One of the problems of fiber-optic gyroscope has 
been the instability of the light source. If the power of 
the light source fluctuates, the output of the photode- 
tector will alsp fluctuate, which will invite the change 
of the scale factor. Thus the power of the light source 
must be stabilized. An auxiliary photodetector is usu- 
ally mounted at the bottom of a package of a light 
source. The light source emits light bilaterally both to 
the front and to the back. The front beams pass 
through a top window of a package, the back beams 
enter the auxiliary rear photodetector. The photode- 
tector mqnitorsjhe light, power of the source. Thus, 
the auxiliary photodetector is called a monitoring pho- 
todetector which is different from the main photode- 
tector (7) in Fig.2 or in Fig .3. Conventional light source 
has been controlled to emit a constant power of light 
by detecting the light power by the monitoring photo- 
detector and adjusting th injection current to cancel 
the d viation of the light power from a predetermined 
value. This is called an automatic power control of a 
light source. This inv ntion takes advantage of the 
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general structure of a light source. 

Furthermore, this invention makes use of the re- 
turning light to th light sourc from the fiber coil /' 
which has been d em d t b only noisy and trouble- 
some for t he light source/because trie returning light 5 
has been likely to induce the instability of light emis- 
sion. 

If light beams return to the light source (laser di- 
ode or photbdiode), the relation between current (in- 
put) and light emission (output) is changed by the in- 10 
stability induced by the returning light The intensity 
f t he interfering light beams can be measured by in- 
vestigating the change of the relation between cur- 
rent and light power. If the input-output relation of light 
sources is heavily influenced by the returning beams, 15 
the intensity of the returning beams shall be detected 
from the change of the input-output relation ( emis- 
sion performance ) of the light source, the Inventors 
have noticed the fact first Almost all persons skilled 
abhor the light beams returning to the light source 20 
and use frequently isolators in front of the laser diode. 
But the Inventors take advantage of the instability of 
th light source induced by the return of the light. 

Change of the emission performance of the light 
source is detected either by the variation of driving 25 
current of the light source or by the variation of pho- 
tocurrent of the monitoring; photbdiode. This invention 
proposes a quite novel fiber-optic gyroscope which 
positively let t he returning light beams change the in- 
put-output relation (emission performance). As men- 30 
tioned before, all prior fiber-optic gyroscopes have 
ndeavored to keep the light power constant for 
avoiding the fluctuation of the scale factor. This in- 
vention stands against the generally accepted idea. 
This invention is quite novel. 35 

Fig. 1 shows a fundamental structure of a fiber- 
optic gyroscope of this invention. Alight source emits 
monochromatic or quasi-monochromatic light beams. 
The light source has a monitoring diode (not shown) 
for monitoring t he power of the \ ig ht which emanated 40 
backward to the diode. The forward light beams pass 
through art optical fiber (8) and are divided in naif by 
the beam dividing-and-combining device (4). The div- 
ided beams enter both ends of a fiber coil (5). The 
beams rotate in the fiber coil in many turns clockwise 45 
arid counterclockwise, the beams go out from the 
other ends and gather at the beam dividing-and-com- 
bining device (4). Then the integrated beams return 
to the light source (1). The light source (1) is a laser 
diode or a superluminescent diode in which t he emis- so 
sidn performance is varied by the returning light 
beams. 

This invention detects the change of the emission 
performance by some means as follows: 

<3)Th change of the emission performance in- 55 
duces trie variation of th impedance of the light 
sourc . The ratio (l/V) of current (I) to voltag (V) 
of the light source changes by th return of the 



light in accordance with the chang of th emis- 
sion perforrrianc . The ratio (l/V) t aches the in- 
tensity of the r turning, interfering beams. 
@ Th s iitiDlest way Is to ke K p the driving current 
constant and to measure the voltage of the light 
source. 

(3) An alternative is to keep the voltage constant 
and to measure the driving current of the I ight 
' '• ' source. 

@ The change of the emission performance can 
be detected by the variation of the ratio (P/l) of 
the power (P) of the light source to the driving 
current (I). The power (P) is measured by the 
monitoring diode. The ratio (P/l) is easily calculat- 
ed. 

® simple version is to keep the i ight power con- 
stant by monitoring the diode output and to meas- 
ure the change of the driving current 
® Another way is to keep the driving current con- 
stant and to measure the change of the light pow- 
er by the monitoring diode. 
Fig.4 demonstrates an example Of parts of the 
light source, the light source has a light emitting de- 
vice (1), a monitoring diode (11) and APC circuit (9). 
The light emitting device (1) is a superlurriinescent di- 
ode or a laser diode which emits monochromatic or 
quasi- monochromatic light. Th& light emitting device 
(1) is controlled by the APC (Automatic Power Con- 
trol) circuit APC circuit is used to stabilize the power 
output in prior gyroscopes. v 

The semiconductor light emitting device launches 
beams in both directions from a front end and a rear 
end of a chip. The front beams penetrate a lens (10) 
and get into an end of an optical fiber (8). The front 
beams are ordinary signal beams. The rear beams 
emanate from the fear end or the dhip and go into the 
monitoring diode (11) for detecting the j>ower of the. 
light emitting device. The intensity of the front beams 
is in proportion to the intensity of the rear beams. The 
direct proportion allows the diode to measure the 
power of the front beams. The signal of the power is 
sent from the diode (11) to the APC circuit (9). The 
APC circuit (9) adjusts the driving current of the light 
emitting device (1) in order to keep the J ight power 
constant A first resistor R t intervenes between the 
light emitting device (i) and the APC circuit (9) in the 
driving lines. Both ends of the first resistor R t are ter- 
minals (12) for detecting the driving current The vol- 
tage appearing between the terminals is denoted by 
V1 . A second resistor R 2 interposes between t he mon- . 
itoring diode (11) and the APC circuit (9) in the mon- 
itoring lines. Both ends of the second resistor R 2 are 
terminals (13) for detecting the light power. The vol- 
tage between the terminals (13) is denoted by V 2 . 
Some prior fiber-optic gyroscopes includ such an 
assembly of a light emitting devic , a monitoring diode 
and an APC circuit. This inventi n can b r aliz d by 
taking advantage of th inherent assembly of prior gy- 
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Such a structure of a fiber-optic gyroscope en- 
ables to reduce one photodetector and on beam div- 
iding-and-combining device. Since this invention pro- 
poses a quite novel fiber-optic gyroscope which dif- 
fers from, conventional gyroscopes in t he measuring 
principle, special consideration must be paid to the 
selection of light sources. 

Prior fiber-optic gyroscopes preferred light sourc- 
es having a coherent length which; is as short as pos- 
sible: 1ft he coherent length of a light source is long, 
the returning light by Rayleigh Scattering *br Kerr Ef- 
fect has a large influence upon the emission perfor- 
mance and brings about big fluctuation of the scale 
factor. To avoid the fluctuation of the scale factor, 
-most of the conventional gyroscopes employed su- 
perluminescent diodes which emit quasi-monochro- 
matic~1ight with a short coherent length. Other prior 
gyroscopes- with a laser diode as a light source adopt- 
ed a special laser diode with: a very short coherent 
length; Prior gyroscopes was afraid of the return of 
light to the light source, because laser diodes suf- 
fered JnstabDity of oscillation motion due to the return- 
ing light. Prior gyroscopes of ten installed an isolator 
in front of the light source to forbid the returning light 
> entering the source: 

On the contrary, this invention makes use of the 
change of the emission performance of the light emit- 
: ttng device induced by the interaction between the re- 
turning light and the light emitting device. The differ- 
ence of the principle demands different kinds of light 
sources. ■ 

If a superluminescent diode were- adopted as a 
light source of this invention, a new problem would ap- 
pear. The superfuminescentdrode has so short a co- 
herent length that the returning light beams cannot in- 
teract enough with thelight source. Poor interaction 
of the diode with the returning light induces little 
changS^>f the light power in the superluminescent di- 
ode. 'Small. change of the light power lowers the sen- 
sitivity of, the rotation velocity. Another problem is 
high absorption of the returning light 

When a superluminescent diode emits only natu- 
ral emission beams (no induced emission ) t almost all 
returning light is absorbed in the light waveguide on 
the diode chip and a little returning light reaches the 
monitoring diode. If the version in which the returning 
light is detected by the monitoring diode shall be em- 
ployed^ the monitoring xliode could hardly sense the 
^returning light The absorption by the device chip sup- 
presses the sensitivity to the returning light The In- 
ventors have found that a preferable light source 
should have a long coherent length in contradiction to 
the prior gyroscopes. A long coherent length enhanc- 
es the interaction of the returning light with the light 
source. Vigorous interaction heightens th change of 
th light power, change of the driving current or 
change of the bias voltage in a function of the change 



of the intensity of th r turning beams^ Thus, it is pre- 
ferabl to adopt a light source with a long coherent 
length in th gyroscop of this invention. 
■ This invention employs a high-coherency light 

5 source; A high^coherency light source With a long co- 
herent length enhances the sensitivity for the return- 
ing light beams by energizing the interaction between 
the returning light and the light source chip. A semi- 
conductor laser diode may be most suitable, viewed 

10 in this reason. However, a laser diode with high co- 
herency will suffer the effect of non-signal returning 
light which is produced by the back scattering such as 
Rayleigh Scattering or Kerr Effect in the fiber. Such 
non-signal returning light will similarly perturb the 

15 emission of the light source, The light source shall be 
subject to the influence of the returning, interfering 
signal light but shall be immune from the influence of 
the non-signal returning light Thus, preferable light , 
sources of this invention are: 

20 ® a laser diode with multi-longitudinal modes 

(2) a superluminescent diode with multWbng itudi- 
nal modes 

Adoption of such a light source wilPenable the gy- 
roscope to suppress the influence of the non-signal 
25 returning light induced by Rayleigh Scattering or Kerr 
Effect. The light source will enhance the reliability of 
the measurement of angular velocity by returning 
only the interfering beams to the light Source. 

Next problem is ah accidental rotation of polariza- 
30 tion planes occurring in a optical fiber. If a fiber coil 
or a fiber path is constructed with single-mode fiber, 
distortion of fibers or electromagnetic force will in- 
duce the rotation of polarization planes, A gyroscope 
let the clockwise-spreading beam and the counter- 
35 clockwise-spreading beam interfere with each other 
and measures the intensity of interfering beams. In- 
terference of beams demands the same; polarization 
to the beams. If two beams have different polarization 
planes perpendicular to each other, the two beams 
40 cannot interfere at all. The intensity of interfering 
beams diminishes in proportion to cosine of the angle 
held between the polarization planes of two beams. 
If the rotation of polarization planes occurs in a fiber, 
the intensity of interfering beams will fade. The inten- 
ds sif y of interfering beams fluctuates because of the ac- 
cidental rotation of the polarization planes in a single- . 
mode fiber. The rotation of polarization impedes a 
precise measurement of the angular velocity. 

One solution for the rotation of polarization is fab- 
so heating all parts with the parts which are favored with 
a polarization maintaining function. This invention 
first proposes a source-detecting type gyroscope 
which is constructed with the parts having the polar- 
ization maintaining function. Here, the source- 
55 detecting type means that the gyroscope lacks an in- 
dependent photodetector and the change of int rfer- 
ing beams is d tected by a light source. Fig. 15 shows 
a schematic vi w of the gyroscope. All fibers used in 
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Fig. 15 are polarization maintaining fibers ( birefrin- 
gent fib rs). Th fiber coil (5) is mad from a polari- 
zation maintaining fiber instead of a ch apsingl -mo- 
d fiber. Th fiber coupler (4) is also made from two 
birefringent fibers. The gyroscope of Fig. 15 can pre- 5 
vent the polarization planes of beams from rotating. 

, However, it costs much money to fabricate a gy- 
roscope with expensive parts which have the polari- 
zation maintaining function. In order to produce an in- 
expensive gyroscope, the fiber coil and fiber path 10 
shall preferably be built with cheap single-mode fib- 
ers, because; a single-mode fiber is much cheaper 
than a birefringent fiber. Thus, this invention next pro- 
poses a gyroscope which is fabricated with single- 
mode; fibers provided with a depolarizer. Fig.16 15 
shows a second version of this invention along with 
the idea for curtailing birefringent fibers; The whole of 
fibers consists of single-mode fibers. A depolarizer 
(20) is inserted into an end part of the fiber coil (5). . 
The fiber coupler is also fabricated with single-mode 20 
fibers. The depolarizer can be inserted otherwise be- 
tween the light source and the coupler. The de polar- - . 
izer prevents the interfering beams from fluctuating 
due to the rotation of the polarization planes, because 
the depolarizer can depolarize beams passing there- 25 
through. 

y : Alternately, a polarizer or birefringent material 
should be inserted between the light source and the 
fiber end as shown by Fig.17. The position of the po- 
larizer or birefringent material may be either between 30 
the tight source and the tens (10) or between the lens 
(10) and the end of the fiber (8). The polarizer de- 
notes any device which has the function converting 
the polarization state into the linearly-polarized state, 
e.g. a polarization prism, polarization plate; metal-di- 35 
electric multilayer, dichroic mirror, glass substrate on 
which dielectric multMayers are formed, fiber-type 
polarizer, etc. In the case of discrete polarizer, it is 
convenient to interpose the polarizer between the 
light source and the fiber end. In the case of fiber-ty- 40 
pe polarizer, it shall preferably be interposed at a point 
of either an end of the fiber coO (5) or a midway point 
of the coil. 

Conventional fiber-optic gyroscope makes use of 
an optical glass with antiref lection coating for the win- 45 
dow material of the light source. It is convenient for 
this invention to make the window with a polarizer or 
a birefringent material as shown by Fig.20. Fig.20 
demonstrates a cap-sealed light source. 

Some of prior fiber-optic gyroscopes employ the so 
phase-modulation for deducing phase difference ex- 
actly from the interfering beams. The source- 
detecting type gyroscope of this invention can also 
adopt the phase-modulation. Fig. 25 shows an exam- 
ple of a phase-modulated source-detecting gyro- 55 
scop . A phase-modulator (14) is interposed at a point 
of an end of a fiber coil (5). An oscillator (15) drives 
th phase-modulator (14) in sin wav form at a per- 



tinent frequ ncy. 

Furthermor , direct modulation of light source is 
also possible in t his iriv ntion. Fig.24 shows an exam- 
ple of th direct modulation. A= sine wave oscillator 
(60) is directly phase-modulating the light source (1) 
at a frequency f 0 . A phase-modulator (14) endows the 
light beams with the phase modulation at a frequency 
f m . The monitoring photbdetector (11) originates a 
photocurrent as an output signal. The photocurrent is 
synchronously demodulated at the frequency f 0 and 
the frequency f m . The ratio of the ^demodulated sig- 
nal to the ^demodulated signal is a function of phase 
difference. Thus the phase difference is obtained by 
dividing the f Q -demodulated signal by the ^demodu- 
lated signal. Otherwise, if the intensity of the ^-de- 
modulated signal is kept to be constant by some* 
means, the rotation velocity is able to be deduced 
only from the f m -demodul ated sig nal. 

The function, of this invention will be now ex- 
plained. The fiber-optic gyroscope of this invention let 
the clockwise-spreading beam and the counterclock- 
wise-spreading beam combine with each other by the 
-coupler and return positively to the light source. The 
; return of the interfering beams changes the emission 
performance of the light source. Namely, the ratio of 
driving voltage to driving current or the ratio of driving 
current to light power is varied by the- returning light 
due to the instability of the semiconductor light emit- 
ting device. The change of the emission performance 
< can be deduced as the change of source ^current, 
change of bias voltage, change of impedance or 
change of photocurrent of the monitoring diode. 
Measurement of any one of the variables teaches us 
the intensity of the interfering beams between the 
clockwise beam and counterclockwise beam. 

Especially, when t he light source is controlled by 
APC (Automatic Power Control) mode, the driving 
; current changes according to the variation of the in- 
terfering beams. Thus the driving current becomes 
an object of observation. The change of the driving 
current can be deduced from the voltage between 
terminals (12) of a resistor R t of Fig.4, since the re^ 
sistor is interposed in the driving lines of the source 
(1). The intensity of the interfering beams can be de- 
duced from the change of the voltage. However, the 
change of the voltage is small and is buried in noise. 
An exact signal can be clear-cutly extracted from the 
noise-burying signals by some improvements. For ex- 
ample, in the case of a phase-modulated gyroscope, 
a signal can be obtained by installing a phase- 
modulator near the fiber coil; applying phase- 
modulation to the signal beams passing there, and 
synchronously detecting the signal part of a pertinent 
frequency. The phase-modulation method allows the 
gyroscope to detect the intensity of the interfering 
beams with high S/N ration. 

There ar also other ways of obtaining signals 
besid s th method depending on R t . When th light 
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source is control led by t he APC ? controller, some 
chang e appears in accordance wit h t h change of t he 
interfering b ams in the output of the monitoring di-. 
ode (11 ) mounted bri the rear side of the light source 
chip (1). The change of the output of the monitoring 5 
diode can be obtained by the voltage appearing at ter- 
minals (1 3 J connected to ends of the resistor R 2 . 

Even when the light source is not controlled by an 
APC-cdntrbller, another mechanism produces a sig- 
nal in the monitoring diode (11). In general, semicon- 10 
ductorlight emitting devices ; are likely to absorb light 
beams with the wavelength which is equal to the wa- 
velength of the light emanating from the devices. 
However, light emitting devices are not fully opaque to 
the light with the same wavelength. Apart of the light is 
will penetrate t he layers of t h e chips t hrdug h horizon- 
tally. When the phases are coincident between the 
emanating beams and the returning beams, the 
emanating Seams are ^ stimulated by the returning 
beams; Thus, stronger beams than the returning ' 20 
beams wiH often be emitted from the rear end to the 
monitoring diode. Then the monitoring diode receives 
the rear beams with the intensity in proportion to the 
intensity bf t he returning beams: Namely , t he interfer- 
ing beams are sensed by the monitoring diode. 25 

the fiber-optic gyroscope 6f t his invention en- 
ables to obtain the power of the interfering beams 
from the change of current, voltage, impedance of the 
light source, or the change of t he photocurrent of t he 
monitoring diode; 30 

Then the selection of light sources is explained 
now; As mentioned before, this invention prefers a 
light source interactive With returning beams to non- 
interactive one. This invention differs thoroughly from 
pridr gyroscopes at this' point The^reason is how ex- 35 
plained in detail. ; :V 

Some light sources produce light beams partly by 
induced, emission and partly by natural emission. 
SuchJight sources emit parUally-cohererit light Thus, 
the interactivity between the newly-induced beams 40 
and the reciprocating beams is intermediated be- 
tween O and 1; High interactivity rrieans that the laser 
emission in which the reciprocating beams are rein- 
forced by newly-yielded beams in phase. On the con- 
trary norr-interactive sburce mearis that a light emit- 4s 
ting diqde in which the return of Might has no influence 
upon the emission performance. In t he source where 
the induced emission prevails, the high coherency is 
likely -to let the returning beams change the driving 
current The high coherency endows the device with so 
a function of amplification. Thus the returning beams 
are amplified by the light source chip itself. The am- > 
plified beams reach the monitoring diode at the rear 
position. Thus high coherency will enhance the sen- 
sitivity to detect th interfering beams by the driving 55 
current or by the output of the monitoring diode. 

On the contrary, the natural emission means the 
state that photons are produced at random in the ac- 



tiv layers of the source chip, the natural" emission 
cannot amplify the returning light by the newly-pro- 
duced light In a light source chip, supplying current 
to a pn-juhctiori produces pairs of electrons and 
holes. Recombination of the electron arid the hole 
emits a photon. Photon is a quantum of light Random 
generation bf photons is the haturaf emission. The in- 
tensity of emanating light depends only tipoii the driv- 
ing current but ^entirely in^epehdeiitbf the returning 
light Ordinary light emitting diodes or superlumines- 
cent diodes yield light beams by t he natural emission. 

Stimulated emission or induced emission means 
an in-phase photon production in pro portion to the 
quantity of photons there. In-phase means that the 
phase of hewly-prbduced light coincides with the 
phase of the returning light The probability oft he pro- 
duction of the photon is in proportion both to the light 
intensity of t he returning light there and the driving 
current the laser diode produces light by the stimu- 
lated emission. Thus the phases of the bearns are to- 
tally coincident in the laser diode. 

Stimulated emission (or induced emission) is the 
main function of laser diodes for producing light 
beams. However, the stimulated emission itself en- 
dangers t he emission performance of the laser diode 
due to the returning light. Passing through an wave- 
guide of the laser chip, the returning light invites the 
stimulated emission and the stimulated light has the 
phase which is different from the phase of the main 
light which has been reciprocating in the resonator, 
the additional stimulated emission disturbs the uni- 
form excitation of the active layers of the chip. It is un- 
stable for a laser diode that two light beams with dif- 
ferent phases reciprocally propagate in the active lay- 
ers, fri Order to avoid such lath irVcbn venience , ordinary 
fiber-optic gyroscopes often provide the laser diode 
with an isolator. 

In the explanation above, t he interactivity means 
that the function of inducing the stimulated emission 
by letting the light being appearing interact with the . 
spreading light in the waveguide: Here the vigor of 
the interactivity is a value between 0 and 1. 1 of the 
interactivity means complete predominance of stimu- 
lating emission over natural emission. The returning 
light fteamsr seriously affect the emission state of the 
laser. 

On the contrary, 0 of the interactivity means the 
superiority of natural emission to the stimulated emis- 
sion. The intensity or phase of the light being appear- 
ing is totally indifferent to the propagating light in the 
waveguide. The return bf light has no influence upon 
the emission state. Namely, the returning light can 
neither amplify nor attenuate the light production in 
the laser diode. 

Prior fiber-optic gyroscopes preferred low-in t r- 
activ light sources, since the low-interactive light 
sources were immune from the influenc of th re- 
turning light which was generated by Rayleigh Back 
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Scatt ring or Kerr Effect Th light source insensitive 
to the returning light well forbids th scale factor from 
fluctuating and the offset from appearing. 

This invention prefers a high-int ractiv light 
source in contradiction to the general idea. Fig. 13 s. 
manifests the relation between the emission spec- 
trum and the coherency of laser diodes. Fig. 13(1)(a) 
exhibits the emission spectrum of an ideal laser di- 
ode. There is a single longitudinal mode in the spec- 
trum. The light has a single wavelength with a sharp io 
peak. The half value breadth AX of the peak is very 
small, the light is produced by the stimulated emis- 
sion. The fight beams reciprocate in a resonator and 
synchronize the phase. "Thus the wavelength is de- 
termined to be a single value. The wavelength of sta- 15 
tionary light waves is equal to one of quotients of the 
length of the resonator divided by integers. A laser di- 
ode has an inherent scope of wavelengths of eman- . 
a ting light. If the scope of emittable light, wavelength 
is so small that the scope includes only a single quo- 20 
tient of the resonator length divided by an integer, 
only a single longitudinal mode stands. Fig. 13(1)(b) 
shows the relation between the distance and the in- 
teractivity. The abscissa denotes the distance (L) 
from the end of the laser chip. The ordinate designa- 25 
tes trie interactivity. The interactivity is defined by the 
ability of wave functions distanced by L for interacting 
with each other. The interactivity is obtained by mul- 
tiplying a un it wave function at the end by another u nit 
wave function distanced by L, and integrating the 30 
product. A unit wave function means the normalized 
wave function whose inner product is 1 ; the integra- 
tion of the square is 1. 

The interactivity, declines slowly as a function of 
the d ista nee. Slow decline of t he interactivity is equ iv- 35 
atent to a long coherent length. It is a matter of course, 
because the half breadth AX is very narrow and wa- 
velength dispersion is very small. The distance at 
which the interactivity reduces to half of t he initial val- 
ue is denoted by lie. Lc is called a coherent length. 40 
The ideal laser diode has a long coherent length Lc. 
Since the coherent length is in proportion to (X 2 /AX), 
a small half breadth AX brings about a large Lc. 

Fig. 13(2)(a) indicates an emission spectrum of a 
super luminescent diode. The abscissa is the wave- 45 
length. The ordinate is the intensity of the light. Unlike 
a laser diode, the half breadth AX is wide in the spec- 
trum. Although the region of wavelength of emission 
is roughly determined at a point, the light of the su- 
0m- lumpescej^ dioo^ is an assembly pf beams hay- 50 
ihg various wavelengths. Thus the light can safely be 
called "quasi-monochromatic" rather than "mono- 
chromatic". It is a kind of diodes without a resonator. 
No longitudinal mode appears. Concept of longitudi- 
nal modes does not exist in a diod . The coherent 55 
length Lc is very short, since Lc is in proportion to X 2 /A 
XandAXiswide.Fig.13(2)(b) xhibits the interactivity 
as a function of distanc from th end of th diode. 



The, interactivity deer ases quickly. Th coherent 
length is very short Most of the prior fib r-optic gy- 
roscop s have been adopted sup /luminescent di- 
odes as light sources, since they beli v d that ash rt 
coherent length of source was i suitable. 

Fig. 13(3)(a) shows ah emission spectrum of 
third kind of light source. The light source has an in- 
termediary character between the laser diode and 
the superluminescent diode. Although it may be 
called "monochromatic", the region of emission wave- 
lengths is very wide. Furthermore, several longitudi- 
nal modes appear as sharp peaks in the emission 
spectrum. Since the laser diode has a resonator, i.e. 
cleavage mirrors at both ends, standing waves must 
have a wavelength equal to a quotient of length of the 
resonator divided by an integer. An ideal laser diode 
has a single wavelength satisfying this condition in 
the narrow emission spectrum. However, this com- 
promising device of Fig, 1 3(3) has plural wavelengths 
in the emission region which suf f icesthe condition of , 
wavelengths being equal to the quotients of the res- 
onator length divided by integers. Individual peaks in 
the emission spectrum of Fig. 13(3) (a) correspond to 
the quotients. The broad emission region. makes plu- 
ral peaks of longitudinal modes (wavelengths of 
standing waves). Breadths AX 2 of individual peaks are 
narrow enough, but the breadth AX t of all peaks uni- 
fying the individual peaks is wide to the contrary.; 
Fig.13(3)(b) manifests the dependence of interactivh 
ty on the distance. In correspondence with the nar- 
rowness of the individual longitudinal mode peaks, 
the envelope (dotted line) covering individual interac- . 
tivity peaks declines slowly. However, the slowly-de- 
clining curve is an envelope but is not individual inter- 
activity curves. The practical interactivity curves are 
separated peaks appearing at t he points distanced by 
a certain length. Although the envelope of the peaks 
declines slowly, the individual curves themselves de- 
crease rapidly. If the length Lc t of degradation to half 
of the individual peaks is called coherent length, the 
coherent length is as short as the coherent length of 
the superluminescent diode of Fig.13(2)(b). Short Let 
derives from the wide breadth AX t . The slow decline 
of the envelope originates from small AX2. The dis- 
tance between neighboring individual peaks is deter- 
mined by the spacing namely by the length of the res- 
onator. This invention employs a light source having 
plural longitudinal modes (plural standing waves). 

The following experiment has been done in order 
to examine the effect of employing such a compro- 
mising light emitting device as a light source of a fiber- 
optic gyroscope. A modified superluminescent diode 
has fabricated by coating both ends of the waveguide 
of a laser diode with antiref lection layers (AR layer). 
The sup luminescent diode has been adopted as a 
light sourc of a fiber-optic gyroscope. The light 
source is originally a laser diode. The refl ction at th 
resonator (b th ndsof the waveguide) was reduced 
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by th AR coating. The induced mission is sup- 
pressed. Thus the device can be called rather a su- 
perluminescent diode than a laser diod . Th signal 
of gyroscope is deduced from the monitoring photo- 
diode. The intensity of the superluminescent diode 5 
has been changed by varying the driving current The 
output of the monitoring photddiode changes as a 
1 function of the light power. The relation between the 
outputof the monitoring diode and the light power has 
been observed. Fig. 14 denotes the result of the ob- w 
servation* The abscissa is the light power (mW) of the 
superluminescent diode. The ordinate is the output of 
the monitoring diode. The output of the monitoring di- 
ode is nearly zero till the light power attains 1 mW. 
The outputof the monitoring diode gradually increas- 1 s 
es between 1 mW and 2 mW. Then the output rises 
rapidly above 2 mW., 

Emission spectra are drawn at some points along 
the main curve in Fig.14. The light power of 1 mW is 
produced by natural emission (spontaneous emis- 20 
sion). Thus the spectrum is broad without subpeaks. 
The spectrum is similar to the diode of Fig. 13(2)(a); 
Such weak emission is of no use as a light source of 
a gyroscope. When the light power rises to 1.5 mW, : 
several longitudinal modes appear in the spectrum. 25 
1.5 mW is still too weak for the light source of a gyro- 
scope. Above 1.5 mW, the output of the diode quicky 
enlarges. 2 mW of light power reveals a clear-cut sep- 
aration of . longitudinal modes, vigorous longitudinal 
modes signify the prevalence of stimulated emission 30 
(induced emission). Further, when the light power at- 
tains 2:3 mW, the output of the monitoring diode 
reaches a sufficient level for measuring the angular 
velocity. Then the heights of the peaks of the longi- 
tudinal modes are far dominant over the height of the 35 
base spectrum. Stimulated emission supersedes the 
natural emission. The output curve and the spectra 
demonstrate that the output of the monitoring diode 
does mt rise. in proportion to the light power but in- 
creases by the growth of the longitudinal modes; The 40 
rapid rise.of the output clarifies the fact that amplif i- 
cationjof light by reciprocating between the cleavage 
ends of the active layer in the state having the long- 
itudinal modes is indispensable for the returning light 
to have an influence on the emission performance 45 
and to^hange the light power. In this case, although 
the driving current of light source is constant, the 
mission condition (emission performance) varies, 
when .tbe. returning light enters the light source. 

The change of the emission performance can be so 
detected either by observing the output of the moni- 
toring diode with the driving current kept constant or 
by observing the driving current with the outputof the 
monitoring diode kept constant Above is the improve- 
ment of the light sourc . 55 

Next the rotation of polarization planes in a fiber 
will.be explained together with the improvements for 
preventing the rotation of polarization from disturbing 

9 



the measurement Polarization of light beams acci- 
dentally rotates in singl mod fibers composing a fib- 
er coupler or a fib r coit A single mode fiber has no 
function for suppressing the rotation of polarization A 
gyroscope deduces an angular velocity by letting a 
clockwise beam arid counterclockwise beam interfere 
with each other. But if the polarization planes are not 
the same, the beams will not interfere sufficiently; 
Two beams with polarization planes perpendicular to 
each other do not interfer at alt The fundamental 
structure of this invention of Fig. 1 suffers from the 
drift of output due to the rotation of polarization, since 
the rotation of polarization reduces the intensity of in- 
terference light beams. The drift of output owing to 
the polarization rotation can be eliminated by inter- 
posing a polarizerand a depolarizer in the fiber paths 
as shown by Fig. 7 or Fig. 8. - 

Furthermore, if the rotation of polarization must 
be fully forbidden, the Whole of the optics of a gyro- 
scope shall be composed with fibers having the func- 
tion of maintaining polarization planes^ Thus the sin- 
gle-mode fibers shall be displaced by polarization 
maintaining fibers (or birefringent fibers). The polari- 
zation planes could be maintained in the fibers. No ro- 
tation of polarization occurs. Then the light beams 
emitted from the light source propagate with the 
same polarization into any optical parts. The clock- 
wise beam and the counterclockwise beam interfere 
completely. The full interference forbids the drift of 
output or the change of the scale factor. Furthermore, 
the maintenance of polarization planes induces no 
loss of light beams due to the rotation of polarization. . 
All beams effectively contribute to the generation of 
signals. No occurrence of polarization rotation allows 
to fabricate a gyroscdpewith high sensitivity. As clari- 
fied before with reference to Fig.1 5* the rotation of po- 
larization is fully prevented by fabricating the whole of 
fibers of a gyroscope with polarization maintaining 
fibers (birefringent fibers). The fiber coil and fiber 
couplers are all produced with polarization maintain- 
ing fibers. Fabrication with birefringent fibers has 
several advantages. One advantage is the prevention 
of the rotation of polarization, as explained so far. An- 
other advantage is the prevention of occurrence of 
optical path difference between the clockwise beam 
and counterclockwise beam owing to the difference, 
of the polarization. Since the polarization planes of 
both propagating beams are kept constant, the opti- 
cal paths become exactly equal for both propagating 
beams. The optical path lengths are the same for the 
both spreading beams. • 

Besides birefringent fibers, another rneans is 
also available for assigning the polarization maintain- 
ing effect to all parts. All parts shall be produced with 
glass, dielectric or semiconductor. The glass, dielec- 
tric or semiconductor shall be provided with aniso- 
tropic light waveguides for prohibiting th polarization 
from rotating. A fiber coil can be replaced by a coiling 
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waveguid fabricated in a winding path on a glass - : 
substrat or semiconductor substrat by photolithog- 
raphy. A beam divining-and-int grating device can be 
obtained by producing bisecting paths on a dielectric, 
substrate. Such a gyroscope which makes no use of 
fibers also belongs to the idea of this invention. The 
gyroscope may be called rather an interferometer 
than a fiber-optic gyroscope. The same principle bas- 
es the interferometer, too. 

On the contrary, fiber couplers and a fiber coil 
can be fabricated with single-mode f ibers. Use of de- 
polarizers enables the single-mode fiber gyroscope 
to avoid the difficulty of rotation of polarization. The 
depolarizer may be interposed either between the fib- 
er coil and the coupler or between the light source 
and the coupler. The depolarizer is a device for con- 
verting beams with arbitrary polarization into effec- 
tively non-polarization in which polarization planes of 
beams distribute uniformly in all directions and the net 
polarization is zero. Light beams become depolarized 
at the device. Light is now considered as an assembly 
of many individual beams whose polarization cancels 
each other. In spite of the occurrence of rotation of 
polarization planes of some individual beams, the in- 
tensity of interfering beams do not feel the influence 
of the polarization rotation* because the individual 
beams weigh little in the total beams. . 

In conventional fiber-optic gyroscopes having a 
photodetector, a depolarizer is always disposed, 
whenever a polarizer is used therein. The polarizer 
defines the polarization planes of beams. The depo- 
larizer forbids the intensity of interfering beams from 
fluctuating due to the rotation of polarization. 

Unlike conventional gyroscopes, this invention 
succeeds in accomplishing equivalent effects only by 
a depolarizer. Curtailing a polarizer is an inherent fea- 
ture of this invention which makes use of a light 
source as a detector. The clockwise spreading beam 
and counterclockwise spreading beam return the light 
source and interact with the light source. The output 
of the interaction is extracted by the change of driving 
current, bias voltage of the light source or by the 
change of the photocurrent of the monitoring diode. 
However, the light source generally interacts only 
with light beams having a particular polarization 
plane. The light source does not interact with other 
beams having other polarization planes. Namely, the 
light source which acts as a detector in this invention 
has the selectivity of polarization. Thus the light 
source has also the function of a polarizer. This inven- 
tion enables a depolarizer to eliminate the malfunc- 
tion due to the rotation of polarization without a polar- 
izer. 

Of course an insertion of a polarizer is also effec- 
tiv for high precision m asurement of angular veloc- 
ity in th gyroscope of this inv ntion. In the version, 
this inv ntion enjoys an advantage over con v ntional 
fiber-optic gyroscopes. Conventional gyroscopes re- 



■ , quired int rposing a polariz r at a fiber path betwe n 
a first coupl r and as con d coupler. Other wis the 
. progressing beams from th light source and th re- 
gressing beams could not have the same polariza- 

5 tion. The interposition demands a difficult operation of 
: cutting a fiber midway and combining a polarizer with 
two cut ends of the fiber. On the contrary, this inven- 
tion allows a polarizer to be interposed in a space be- 1 
tween the light source and the front end of a fiber, 

io since the position of the polarizer is sufficient to let 
the polarization of the regressing; beams coincide 
with the polarization of the progressing beams; There 
is a lens for converging beams on an incident end of 
a fiber between the fiber end and the light source. 

15 The light beams propagate in a free space. The inter- 
position in the free space curtails the operation of cut- 
ting a fiber and connecting a polarizer to cut erids of 
the fiber. For example, Fig.17, Fig.18, and Fig.19 
show easy disposition of a polarizer at a position 

20 along a beam line in a free space. The mount of the 
polarizer can facilely be done by attaching a planar 
polarizer to a lens holder 

Furthermore, the use of birefring en t material is 
also substantially available to polarize the beams. I n- 

25 stead of a polarizer, birefringent material can exclude 
either ordinary beams or extraordinary beams out of 
the optical path by the action of birefringence. Fig.20 
shows ah example of a light source in which a birefrin- 
gent plate is attached to a front opening of a cap as a 

30 window. The birefringent window plays roles of both 
sealing the cap and selecting beams by polarization. 

Fig.21 denotes another example of mounting of 
birefringent material in the optical path. A birefringent 
material (52) is affixed to a front end of a ferrule (51) 

35 of an optical fiber (8). Although this is only an easily 
practiced improvement, the device can fix the polar- 
ization and prevent the intensity of interference 
beams from drifting. The improvement enhances the 
reliability of the measurement 

40 Then the significance of modulating the light 

source by frequency f 0 will be explained hereafter 
The modulation of the light source contributes to dis- 
cerning the direct back light from the returning signal 
light. The direct back light means the light emitted 

45 backward from the light source to the monitoring di- 
ode. The returning signal light denotes the light which 
enters the fiber coil, propagates in the coil clockwise 
or counterclockwise, and returns the light source. The 
light source is directly modulated, as shown by 

so Fig.23(a). As shown by Fig.23(b), the direct back light 
is similar to the original wave, because little delay ac- 
companies the backlight. In contradiction to the back 
light, the returning light beams from the fiber coil have 
the wave form as shown by Fig .23(c) due to the delay 

55 of t = nL/c, where n is a refractive index of the fiber 
cor , L is a length of the fib r coil, and c is the light 
velocity in vacuum. Th delay of the signal allows to 
distinguish the direct back light from the returning sig- 
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nai light the Second earner signal (f 0 ) is deduced 
: from t he moduta tor of t he light source . Th photocur- 
rent of the monitoring diode is synchronously de- 
modulated by the second carrier signal. The syn- 
chronous detection by the second carrier reveals the s 
liQht power of the returning light The first carrier (f m ) 
is obtained from the phase modulator. The result of 
the synchronous demodulation of the photocurrent . 
on the first carrier is expressed by an equation includ- 
ing terms of the phase difference of ihterfering 10 
beams. The phase difference is obtained by dividing 
the latter term by the light power. 

This invention can be realized by displacing a po- 
larizer by a polarization selecting device taking ad- 
vantage of birefringence. The polarization selecting is 
1 device is-defined as a device for separating a beam 
into two beams having different polarization planes 
perpendicular to each other. The polarization select- 
ing device* is made from a birefringent crystal by cut- 
ting the crystal in suitableface angles to the crystal- 20 
lographical structure. If light beams shoot the birefrin- 
gent crystal at a pertinent angle, the beams will be 
separated spatially into extraordinary beams and or- 
dinary beams. 

The polarization selecting device is newly intro- 25 
duced into the fiber-optic gyroscopes by this inven- 
tion. Since this invention lacks the independent pho- 
to detector, the polarization selecting device can act 
as a polarizer effectively. The polarization selecting 
device is a new optical part which is first required by 3d 
this invention. Thus its principle, definition or function 
must be clarified at first 

Birefringence is optical anisotropy accompanying 
crystals with low symmetry, e.g. uniaxial crystals, 
biaxial crystals: A uniaxial crystal has three perpen- 35* 
dicular optical principal axes. Two axes of the three 
are symmetric, normal axes. The third axis is an ani- 
sotropic^axis. The anisotropy is called uniaxial aniso- 
tropy. The anisotropic axis may be referred to as an 
optical axis in short hereafter. Extraordinary beams 40 
are defined as beams having polarization planes par- 
allel wit h the anisotropic axis. Ordinary beams are de- 
fined as beams having polarization planes perpendic- 
ular to the anisotropic axis. When Z-axis is taken 
along the anisotropic axis in a birefringent crystal; the 45 
beams hayJng polarization in Z-direction are extraor- 
dinary beams and the beams having polarization in 
XY-plane are ordinary beams. The progressing direc- 
tion of light beams is denoted by a vector K. K is a 
wave vector having the length of 2kfA and having a 50 
definite direction. Here the length is insignificant 
"H "is a symbol for signifying parallelism of the mem- 
bers on both sides. 

When a beam enters a birefringent materia! along 
Z-axis (anisotropic axis)(K| |Z), two beams with dif- 55 
ferent polarization (X and Y) are all ordinary beams. 
No abnormality happens regarding refractiv index. 
When a beam shoots a birefringent crystal along Y- 



: axis <K I I V) th beam splits int an X-polarization 
beam and a Y-polarization beam. In general wh n a 
beam progresses in XY-plane (K JLZ), the beam is div- 
ided into two beams with different polarization. One 
is ah ordinary beam and the other is an extraordinary 
beam. The different beams with different refractive in- 
dex progress at different phase velocity in the crystal. 
, However, this is only a separation of phase. Two 
beams advance in the same path. No spatial separa- 
tion occurs between the ordinary beam and the ex- 
traordinary beam: This is the geometry (K i Z) of an 
amplitude modulator of light making use of birefrin- 
Sjeht crystal. Another example of the geometry (K J_ 
Z) Is a depolarizer. A depolarizer combines two bire- 
fringent crystals 1 With anisotropic axes perpendicular 
to the progress of beams. The geometry may be most 
prevalent in optical parts using birefringence. 

Otherwise, this invention dernands a spatial sep- 
aration as well as a phase separation from a birefrin- 
gent crystal; Fi£. 27 and Fig.28 show the geometry of 
the birefrihgent material this invention employs. The 
birefringent material is a uniaxial crystal. The aniso- 
tropic direction (optical axis) is denoted by Z-axis. The 
crystal has been cut into a rectangular solid. A front 
surface and a rear surface are parallel. The aniso- 
tropic axis inclines at 45 degrees to the surfaces. A 
beam enters the crystal from the front surface per- 
pendicularly; The beam splits into two beams with dif- 
ferent polarization. One beam has the polarization 
with a component parallel with the anisotropic axis. 
This is an extraordinary beam. The other beam has 
the polarization perpendicular to the anisotropic axis. 
This is an ordinary beam. The phase velocities are 
different for the ordinary beam and the extraordinary 
beam owing to the difference of refractive index. 

In addition to the phase difference, the optical 
paths also differ for the ordinary beam and the extra- 
ordinary beam. Ordinary beams maintain Snell's law 
about the refraction at boundaries. If a beam enters 
the crystal vertically, the ordinary beam advances 
along the same straight line perpendicular to the sur- 
face. However; Snell's law does not hold for the ex- 
traordinary beams. Even if a beam goes into the crys- 
tal vertically, the extraordinary beam Is bent some- 
what at the boundary. 

The refraction is clarified in detail. In the geome- 
try of Fig.27(2), the progressing direction K of the 
beam is denoted by a unit vector (2r\2r\2r m ) in the 
coordinate (Z-axis is the anisotropic direction). Since 
the directions of X-axis and Y-axis can freely be de- 
termined, the beam direction is assumed to be sym- 
metric to X- and Y^axes for simplicity. 

The polarization O p of the ordinary beam is deter- 
mined by the condition of the lack of Z-component 
and of the perpendicularity with the beam. Thus the 
polarization of th ordinary beam is denoted by a unit 
vector (2- 1/2 ,-2- 0). Similarly th polarization of the 
xtraordinary b am is determined by the conditions 
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of th perpendicularity both with K and with O p . Th 
polarization of t h extraordinary b amis r presented 
by a unit vector (r2-V2- 1 t 2- 1/2 ).The unity ctors of O p , ■ 
KandEpSre: :v 
Pdarization bp of ordinary beam (2- V 2 , - 2 - 1/2 ,0) (1) 
Progressing direction K of beam (^2-1,2 - 1/2 ) (2) 
Polarization E p of extraordinary beam ( - .2r\ - 2r\ 

- ' ..... 2- ^) (3) 7. . . 

"n e " is the reifractive index of extraordinary 

beams. : . ... v .- -i- 

Namely, the beams with Z-polarization feel the re- 
fractive index n e . *n 0 " denotes the refractive index of 
ordinary beams. The beams with polarization inXY- 
plane feel the refractive index 0©. Z-axis is the aniso- 
tropic direction. General expression of refractive in- 
dex N is given to an arbitrary beam with the unit po- 
larization vector (s,t,u) by: 

N = n^ + n 0 P + n ? U2 (4) 

Ordinary beams will make their way without 
bending in the birefringent crystal, if they shoot the 
crystal vertically, because the polarization O p in- 
cludes no Z-component (no anisotropic component). 
On the contrary, extraordinary beams will not pro- 
gress without bending, even if they shoot the crystal 
vertically, because the polarization includes Z-com- 
ponent The refractive index depends upon the beam 
direction K (wave vector). 

The extraordinary beams bend a little to the di- 
rection of Z-axts at the boundary. 

Originally, the beam direction K inclines at 45 de- 
grees (id4) to the a nisotropic axis (Z-axis). If t he 
beam bends by & at the boundary, the wave vector 
(beam direction) K inclines at 45+0(* /4+0) to Z-axis. 
Then the Eq.(2) for K changes a little. The polarization 
E p of the extraordinary beams also changes. Since 0 
is a small amount, the unit polarization vector E p for 
the extraordinary ; -beams is I in.ear.ly approximated as 

Ep - ( - 2- 1 2H0. - 2- 1 - 2-'0, 2 - i«-2- 1/2 0) 
The refractive index for the beam with the polarization 
is given from Eq.(4) 

N .=." n 0 (2 : ' + 2-10)2 + n<> (2- 1 + 2-10)2 + n e (2 - "2 . 
2 - i/2e)2 = 2-Hne + n o ) + (n o - n e )0 = n m + 0An 

. 7 (5) . 
where n m is an arithmetic average of two refractive in- 
dices n e and n 0 . An is the difference (An=n 0 -n e ). 

Rg,27 and Fig. 28 demonstrate the path separa- 
tion by birefringence. Snell's law does not hold for ex- 
traordinary beams, However, Fermafs principle 
holds for extraordinary beams, because Fermat's 
principle has a holier gerieral optical Jay/. Fer mat's 
law says that the shortest optical path is realized 
among many hypothetical paths connecting two 
points. The optical path is obtained by integrating the 
refractive index with length along the path. The mini- 
mum path is realiz d according to Fermat's principle. 
When th refractiv index is fully isotropic, Snell's law 
is asilyd due d from Fermat's principle. 

Fig.27(1) clarifies th d finitions of beams, this 



isXY-plan . The boundary is YZ plane. This coordin- 
ate is different from the, coordinate of Fig.27(2), 
F|g.29, and Fig.30. Th initial point P(Xo,Y 0 ) lies in a 
first, isotropic medium of refractive index No. The final 

5 point RpC^Yj) exists in the second, anisotropic me- 
dium of anisotropic refractive index Nfn^, n<>). Q(0,Y) 
is a pointon the boundary, A beam starts. form point 
P(Xo,Y 0 ), passes the boundary at point Q(Q,Y) and 
'reaches point F^X^Yt). the problem is to determine 

10 the shortest optical paths PQR. The optical path 
length L of PQR is given by: 
L = N 0 {Xo2 + (Y - Y 0 )2}i/2 + {2-i(n e + n 0 ) + (n Q - 

n e )0}{X t 2+ (Y - Y,)*}1* = N 0 W + (Y- 
Y 0 ) 2 } 1 ' 2 + {2-i(n e + n 0 ) + (n 0 - n e ) (Y - Y,)/X,} {X,* 

15 + (Y -Y^i/2 (6) 

Here 0 =(Y-Yi)/Xi has been substituted in.the equa- 
tiona 

Fermafs principle says that the minimum path shall . 
be realized among hypothetical paths. Then the path 
20 is differentiated by Y. The result must be 0. 

5 L/5Y = N 0 (Y - Y 0 ){ X* + (Y« Y 0 )2} - « + 
{2-Hn e + n D ) + (n c - n e ) (Y - YlVX.jfY - Y,)^ + 
(Y - Y-i) 2 } - 1'2 + {Xl 2 + (Y -Y 1 )2}i/2(n 0 -n e )/X 1 
0 (7) 

25 The incident angle of the beams is denoted by <b. This 
equation is revised to an equation regulating the re- 
lation of angles. 

N o sin0> - {2- 1 (n e + n e ) - (n Q - n e )tan&}sin0 + 
sec0(n o -n o ) = 0 (8) * - 
30 If it is assumed that © is very small, (8) is linearly ap- 
proximated to 

N 0 sin© - { 2-*(n e + n c ) - . (n 0 - n e ) 0 } 0 + ( n G - 

n e ) = 0 (9) : 
If beams enter the crystal at a right angle to the sur- 

35 face, O = 0 (Incident angle is zero). The rest becomes 
a quadratic equation of 0. But for small , 0, the equa- 
tion is simply reduced to 

0 = 2(n 0 - n e )/(n e + n 0 ) = An/n m (10) 
where An = n 0 -n 0 , n m = (n e +n D )/2. The result teaches 

40 us that extraordinary beams bend toward the aniso- 
tropic axis by An/n m which is a quotient of the differ- 
ence divided by the arithmetic average of refractive 
indexes, although the beams shoot the surface at a 
right angle.: Some textbooks describe the angle is 

45 (n e 2-no 2 )/2n ft n 0 which is a quotient of the difference 
divided by the harmonic average of refractive in- 
dexes. However, Eq. (10) is correct perhaps. 

Fig.27, Fig.28 and Fig.29 demonstrate the sepa- 
ration of extraordinary beams from ordinary beams by 

$0 in a birefringent crystal. The calculation hasassumed 
that the inclination angle of the anisotropic axis to the 
beams is 45 degrees. The beams with different polar- 
ization feel different refractive indexes. Thus, the 
beams having different polarization progress along 

55 different paths in a birefringent crystal. The beams 
are separated by th btr fring nee. When the b ams 
are reversely refracted ,when th beams go out at the 
rear surface. Therefor , th beams become parallel 
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with each other, when they go out from the crystal. 
The parallel beams ar distanced by d. d is in propor- 
tion to the thickness of th crystal. 

d = 2t(n e - n 0 )/(n e + n 0 ) = t An/n m (it) 
What have been described so far is based on the 
assumption that the anisotropic axis inclines to the 
beam line at 45 degrees and the beams enter the 
crystal vertically. However, this invention is not re- 
f stricted by the narrow geometric conditions. 

First, it is assumed that the crystal is slanting to 
the beams. The influence of slanting On the beam 
separation d is considered. The incident angle <X> is no 
longer zero. © has been a refraction angle of extraor- 
dinary beams at the boundary. The refraction angle 
of ordinary beams is not zero. Now 0 O denotes the re- 
fraction angle of ordinary beams. SneH's law holds for 
ordinary beams in a birefringent material. 

-^^ N 0 sin<I> = n 0 sin© 0 (12) 
Substituting Eq.(12) to Eq.(8), we obtain; 
n^sinOo - {2-*(n e + n Q ) - (n c - n«) tan€> } sin© + 

sec0(n o - n e ) = 0 (13) .* 
This is an exact expression between 0 O and ©. How- 
ever, this equation cannot be clearly understood as it 
is. This equation is further linearly approximated un- 
der the assumption of small 0 b a nd 0. 

n 0 sin© 0 - tin sine + sec©An = 0 (14) 
Further for small e G and 0, 

0 - 0 O = An/n m (15) 
This result teaches that the difference of the refrac- 
tion angles between the ordinary beams and the ex- 
traordinary beams is constant in spite of the slanting 
of the crystal to the beam line. 

If the crystal is slanting to the beam line, the ef- 
fective thickness of the crystal increases. Thus the 
spatial separation of beams is also enhanced. de- 
notes the slanting angel of the crystal to the beam 
line. The effective thickness increases to t sec Hf. The 
separation d becomes; 

^ ^ a s d ■= t sec *F An/n m (16) - 
. uThe above calculations btb based on the as- 
sumption of 45 degrees of inclination between the 
anisotropic* axis and the beam line: However, this in- 
vention is not restricted within the condition of a 45 
degree inclination angle. This invention can be also 
applied to the other inclination except 45 degrees. 
General requirements will be now considered. 

Instead of 45 degrees, a generally denotes the in- 
clination angle of the beam line (wave vector) to the 
anisotrqpicaxis (Z-axis). In the coordinate in which Z- 
axis ^parallel with the anisotropic direction, the po- 
larization O p of ordinary beams, beam line K and po- 
larization E p of extraordinary beams are expressed 
by; 

polarization O p of ordinary beams (2 - 1/2 - 2 - 1/2 , 0) 

(17) 55 
beam line.K (2 - 1/2 sina, 2 ' 1/2 sina, cosa ) (18) 
polarization E p of extraordinary beams ( - 2 * 1/2 cosa, 
-2\ 1/2 cosa, sina) (19) 



Th anisotropic refractiv index N of extraordin- 
ary beams is obtained from (4) by substituting th 
■vector Ep " ;; ' ■ 

N = ri 0 (2 - 1/2 cosd) 2 + n c (2 - 1/2 cosa) 2 + n e 
(sina) 2 = n 6 cos2a + n e sin^ = n m + (An/2) 
cos2a (20) 

'■' a is the angle between the incident bearii line and the 
normal of crystal surface. The angle 0 denotes the 
bending angle at the boundary ( inclination angle of 
the beams to the normal of the surface). The refrac- 
tive index the extraordinary beams feel is obtained by 
substituting a -0 to a in Eq:(20) i r 

N = n m + (An/2) cos2a + 0 An sin2d (21) 
This is a general expression of the refractive index of 
extraordinary beams. When 1 a-nJ4 is substituted, 
Eq.(21) is reduced to Eq .(5). Substituting this expres- 
sion into Fermafs equation like Eq.(6), we obtain the 
expression of optical path with independent variable 
Y The optical path is differentiated by Y. Then the dif- 
ferentiated is set to be 0. In the case of vertical inci- 
dence, the bending angle © becomes 
0 = (An/n k )sin2a (22) 

where, 

n k = n D cos 2 a + n e sin 2 a = n m + (An/2)cos2a 
(23) 

This is the bending angle (oi* refracted angle) of ex- 
traordinary beams in the case of vertical incidence. 
Of course, substitution of a=n/4 reduces Eq.(22) to 
Eq.(10). The bending angle of extraordinary beams 
reduces in proportion to sin2a, when the inclination of 
the beam line to the anisotropic axis (optical axis in 
short) deviates from 45 degrees (tc/4). The spatial 
separation d is gained by multiplying 9 by the thick- 
ness t. Namely, d = t (An/n*) sin 2a 

When beams shdof the surface slaritingly, ordi- 
nary beams are also refracted by 0 O ; However, when 
the difference of the refracted angles is a constant 
value like the case of a=jc/4, Eq.(T5) is replaced by 

0 - 0 O = (An/n k ) sin 2a (24) 
n m and n k are average of n e and a 0 . Thus n k and n m 
are nearly equal to n e or n 6 . For a general incident an- 
gle; the ^spatial difference d is nearly (t A/n m )sin2a. 
The spatial difference d is expressed by n^ and h Q in- 
stead of An and n m as follows 

d = 2t|(n e -n 0 )|sin2a/(h e + n 0 ) (25) 
This is the distance of ordinary beams and extraordin- 
ary beam at the rear surface of the birefringent crys- 
tal. If a light source emits light beams with various po- 
larization directions and the beams penetrate the bi- 
refringent crystal, two beams with different polariza- 
tion directions are spatially separated by the birefrin- 
gence: If the divided beams shoot ; an end of optical 
fiber with a narrow core, only the beams of one po- 
larization direction shoot the core and the other 
beams of another polarization direction shoot the 
cladding. The latter beams cannot ent r the fiber. 
Only the first beams of a d finite linear polarization di- 
rection can enter th cor and spread in the fiber. If 
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a cor diameter is small enough, the fiber itself can - 
select th beams with linear polarization. Thus th bi- 
refring nt crystal acts as a polarizer in this cas . The 
birefringent material positioned in front of an optical 
fiber is substantially a polarizer. This is a simple de- 5 
vice without inner structure. Now D f is a diameter of 
thecore of a fiber. If d>D f , the birefringent material 
plays the role of a polarizer. The complete expression 
of the requirement is 

2 t|(rv- n 0 )|sin2a/(n e + n 0 )> D f (26) 10 
The scope of a is determined from the dependence 
of sin 2a. The inclination of the anisotropic axis (opt- 
ical axis) is not restricted at 45 degrees. In general, 25 
degrees to 65 degrees are suitable for the inclination 
of the optical axis to the beam line. 15 

it has been clarified that a birefringent crystal 
separates extraordinary beams from ordinary beams 
by the distance d. The ordinary beams have a definite 
polarization perpendicular to the anisotropic axis. The 
extraordinary beams have another def inite polariza- 20 
tion perpendicular to the polarization of the ordinary 
beams. No other beams can pass through the bire- 
fringent material except the ordinary beams and, the 
extraordinary beams. 

As shownih Fig.30 or Fig.31, if a fiber is set at a 25 
pertinent position in front of the birefringent material, 
only ordinary beams or only extraordinary beams en- 
ter the core. of the fiber. If the fiber is deviated by d 
in the direction of the anisotropic axis from the origi- 
nal beam line, the fiber receives only the extraordin- 30 
ary beams. If the fiber is positioned along an exten- 
sion of the original beam line, the fiber receives only 
the ordinary beams. 

Fig. 32 shows a typical shape of a birefringent 
crystal. The optical axis means the anisotropic axis. 35 
The separation of beams occurs in the plane including 
the anisotropic axis. Since the front surface and the 
rear surface are parallel, outgoing beams are parallel 
with ingoing beams. The separation d does not 
change along the beam line. 40> 

Fig.33 shows a version having a rear surface 
ground slantingly by angle 0. The slanting rear sur- 
face spreads the extraordinary beams. The separa- 
tion d* of Fig.33 is wider than d of Fig.32. 

A single-mode fiber has a core of a diameter of 45 
about 5 pan to IQjim m in general. If d is more than 10 
*im, a fiber can select only one polarization. The dis- 
tinction between ordinary beams and extraordinary 
beams originates from the difference of polarization. 
The birefringence rnateriaf separates the beams by 50 
the difference of the polarization directions. The se- 
lection of either pf ordinary or extraordinary beams is 
equivalent to the selection of polarization. Thus the 
birefringent device is substantially a polarizer. 

Conventional polarizers forgive the b ams with 55 
th special polarization passing through but com- 
pl tely forbid the oth r beams with th oth r polari- 
zation from penetrating. The birefringent d vice al- 



lows all beams to penetrate to different positions. A 
fib rsel cts one polarization owing to th spatial s p- 
aration. The birefring nt devices diff r from the con- 
ventional polarizers in principle. 

Conventional polarizers are expensive because 
of the difficulty of production in any cases, e.g. fiber- 
type polarizers or metal-dielectric multilayer polariz- 
ers. On the contrary, the polarization selecting device 
of this invention is easily produced by cutting birefrin- 
gent crystals in suitable surfaces. Cheap polarization 
selecting devices enable to make inexpensive fiber- 
optic gyroscopes. 

. Furthermore, the polarization selecting device 
(birefringent crystal) can be interposed in a free space 
between the light source and the fiber, beginning end; 
because this invention detects the interfering beams; 
by light source itself. The simple structure dispenses , 
with shearing of a fiber and joining the fibers to a po- 
larizer. Fig. 34 demonstrates a fundamental structure 
of the fiber-optic gyroscope of this invention interpos- 
ing the birefringent material between the light source 
and the fiber end. Disposition of a birefringent mate- 
rial in a free space facilitates the fabrication of the gy- 
roscope by reducing t he number of joints. 

The advantages of this invention will be ex- 
plained. The biggest merit of this invention is curtail- 
ing of one beam dividing-and-combining device. Prior 
gyroscopes required two beam dividing-and-combin- 
ing devices without exception. But only one beam div- 
iding-and-combining device suffices for the gyro- 
scope of this invention. Fiber-type couplers or bulk 
beam splitters are examples of the beam dividing- 
and-combining devices. It takes much money and 
time to fabricate fiber-type couplers or beamsplitters. 

A fiber-type coupler is made by eliminating over- 
coatings on one side of fibers, melting fiber claddings 
and cores, coupling two molten sides of two fibers 
into a body, and pulling the ends of the fibers in order 
to shorten the distance between two cores. The short 
distance enables two fibers to couple with each other 
through evanescent waves. However it is very diff U 
cult to treat the thin fibers of a 125urti outer diameter 
with high precision. The treatment of the narrow fib- 
ers demands a fine controlling of the manufacturing 
conditions. Therefore, the fiber coupler is the most 
expensive in the parts constructing a fiber-optic gy- 
roscope. 

A bulk, discrete beam splitter may be used as a 
beam dividing-and-combining device. Cheap beam 
splitters have beeirt used for CD players. The cheap 
beam splitters for CD players cannot be diverted to a 
fiber-optic gyroscope as it is because of the differ- 
ence of requirements. The diversion demands a con^ 
verging optics for letting the beams converge on the 
fiber core or letting the beams converg on the beam 
splitter. Additional parts rais s the cost of th beam 
splitters. Henc , b am splitt rs ar xpensiv . Fur- 
th rmore, it would take much time to adjust th I ns 
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of the converging optics of a beam splitter* Thus, the 
use ofa beam splitter is not advantageous. In g n ral, 
the beam dividing-ahd-combining devices have stood 
on the serious ground of high cost of conventional gy- 
roscopes. Reducing one beam dividing-and-combin- 5 
ing device allows this invention to fabricate inexpen- 
sive gyroscopes. 

Besides, this invention also dispenses with a 
photodetector. Omission of a photodetector decreas- 
es the production cost of this invention further- This 10 
invention eliminates a photodetector which has been 
considered to be indispensable to a fiber-optic gyro- 
scope and' measuring the intensity of the interfering 
beams by the change of the emission performance of 
the light source; This is entirely a novel invention; 15< 

Improving a superluminescent diode or a laser di- 
ode, this invention obtains new light emitting devices 
with high sensitivity for returning light beams and with 
a shoft'^coherent length. The light emitting devices 
' provide t he gyroscope wit h hig h sens itivity for t he ro- 20 
tatioh. ; ■ 

This invention denies the traditional/ rigorous re- 
quirement that the polarizer should be interposed in 
a fiber between two couplers: The polarizer can be in- 
terposed in a free space between the light source, and 25 
the fiber end. Disposition of a polarizer in a free space 
enhances thetfreedom of choice of polarizers and bi- 
refringent materials. 

- The invention will be more fully understood from 
the following description given by way 1 of example 30 
only with reference to the several figures of the ac- 
companying drawings in which, 

Fig.T is a schematic view of a fundamental struc- 
ture of a fiber-Coptic gyroscope of this invention. 

Flg.2 is a schematic view of a conventional fiber- 35 
optic gyroscope. equipped only with necessary com- 
ponents (minimum configuration). 

F4g*3 is a schematic view of a prior fiber-optic gy- 
roscope having one beam dividing-and-combining 
device alone. 40 

Fig.4 is a simplified view of parts of a light source, 
a monitoring diode, and ah APC circuit of this inven- 
tion. , . 

Fig.5 is a schematic view of the whole of a first 
embodiment of t his invention. 45 

F^gr;6 is a schematic view of a second embodi- 
ment without a polarizer. 

Fig. 7 is a schematic view of a third embodiment 
with a polarizer and a depolarizer. 

Rg.8 is a schematic view of a fourth embodiment so 
with a polarizer and a depolarizer. ; 

Fig.9 is a schematic view of a fifth embodiment 
with a polarizer and a polarization maintaining fiber. 

Fig. 10 is a schematic view of a sixth embodiment 
with a beam splitter as a beam dividing-and-combin- 55 
ing device. 

Fig. 11 is a schematic view of as v nth mbodi- 
ment with a beam splitter and a polarizer. 



Fig. 12 is a schematic vi w of ah eight h embodi- 
ment which modulates light beams by phase and de- 
modulates synchronously fundamental wave and har- 
monics waves. : : : 

Fig;13(1)-Fig.13(3) are graphs explaining emisf 
sion spectra of a light source and coherent lengths of 
light Fig 13(1) shows the graphs for ah ideal semi- 
conductor laser diode. (1 )(a) is a spectrum of the light. 
Abscissa is a wavelength. Ordinate is the intensity. 
(1)(b) demonstrates the spatial coherency of beams. 
Figi13(2) shows the typical graphs for a superlumi- 
nescent diode. (2)(a) is a spectrum of the superlumi- 
nescent diode. (2)(b) is the spatial coherency; 
Fig.13(3) is the graphs for a multMongitudiriai mode 
laser. (3)(a) is the spectrum of the light beams. (3)(b) 
is the spatial coherency of the light beams. 

Fig. 14 is a graph showing the relation between 
the light power and the intensity of interfering beams 
when the light source is a superluminescent diode 
which has been produced by depositing an antiref lec- 
tion layer on the ends of laser diode as a light source. 

Fig.15 is a schematic view of an embodiment 
which is constructed with polarization maintaining fib- 
ers for endowing all optical paths with the function of 
maintaining polarization; , / ; ; 

Fig. 16 is a schematic view of another embodi- 
ment in which a depolarizer is interposed between the 
coupler and the fiber coiL '•• • 

Fig. 1 7 is a schematic view of anot her embodi- 
ment provided with a polarizer or birefringent material 
interposed between the light source and the lens., 

Fig.18 is a sectional view of a light source, i.e. a 
holder, a mount, a ferrule of a fiber of the embodiment 
having the polarizer or the birefriri^ent material be- 
tween the light source and the lens, and so on. 

Fig. 19 is a sectional view of another light source, ^ 
i.e. a holder, a mount, a ferrule of a fiber of the em- 
bodiment having the polarizer or the birefringent ma- 
terial before the light source, and so on. 

Fig.20 is a sectional view of a light emitting device 
having a polarizer or birefringent material at a window 
of a cap. 

Fig. 21 is a side view of a ferrule having a polar- 
izer or birefringent material at the front end. 

Fig.22 is an explanatory figure of a light emitting 
device, a monitoring diode, and a fiber coil, which 
shows that returning beams from the fiber coil as well 
as the direct beams from the light emitting device en- 
ter the monitoring diode. • 

Fig. 23 is figures of waves for explaining that both 
the returning beams and direct beams enter the mon- 
itoring diode and that the returning beams retard by 
t. (a) is the waveform of the driving current of the light 
source, (b) is the waveform of the direct beams and 
(c) is the waveform of the returning beams. 

Fig.24 is a sen matic view of another em bod i- 
m nt with an improvem nt for eliminating the fluctu- 
ation of light power by modulating th beams by 
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phase^ driving the light sourc by an AD curr nt, and . - . > 
demodulating -the output of th monitoring diode in 
synchronousness with th driving of the light source. 

Fig.25 is a schematic view of an embodiment em- 
ploying the phase-modulation; for the spreading 5 
; beams.- ^ 

Fig.26 is a view of a prior gyroscope in which the 
polarizer must interpose at an intermediate fiber path 
between the couplers. ; 

Fig.27(1>Fig.27(2) are explanatory figures for to 
calculating the optical path in a birefringent crystal on 
the basis of Fermafs principle: Fig.27(1) gives, the^ 
definition;©! a coordinate, P is an initial point, R is a 
final point and Q is a surface boundary. Fig.27(2)is a 
perspective view of a birefringent material showing 15 
the separation of ordinary beams and extraordinary 
beams and the coordinate for explanation. 

Fig.28 is a perspective view clarifying the sepa<- 
ration of ordinary beams and extraordinary beams in 
a birefringent material. 20 

Fig.29 is a figure of a polarization selection de- 
vice which separates beams into ordinary beams and 
extraordinary beams spatially by the birefringence. 

Fig.30 is a figure of a light source module which 
supplies linearly-polarized beams into a fiber by sep- 25 
arating beams emanating from a light emitting device 
into ordinary beams and extraordinary beams, lead- 
ing only either of the beams to a core of the fiben; 

Fig;31 is a figure showing theselection of polar- 
ization of light beams by converging beams by a lens, 30 
separating the beams into ordinary beams and extra- 
ordinary beams, receiving only ordinary beams by a 
core of a fiber. • - 

Fig,32 is an explanatory figure of a birefringent 
device having an anisotropic principal axis slanting to 35 
the beams which divides the beams into extraordin- 
ary beams and ordinary beams spatially. 

Fig,33 is a figure of a birefringent device having 
a rear surface ground slantingly to the beams which 
divides the beams into halves and refracts one far 40 
outward. 

Fig.34 is a schematic vjew of a fiber optic-gyro- 
scope of this invention having a birefringent material 
in front of a light source for guiding linearly-polarized 
beams to the core of an fiber. 45 

Fig.35 is a perspective view of a fiber-type polar- 
ization selection device. 

Fig. 36 is a sectional view of a light source module 
adopted in an embodiment of this invention. 

Ffcji37 is a schematic view of a fiber-optic gyro- so 
scope of an embodiment having a light source module 
with birefringent material. 

Fig.38 is a sectional view of a light source module 
having a ball lens made from birefringent material. 

To achiev the foregoing objects and in accor- 55 
dance with the purpose of th invention, embodi- 
ments will be broadly described herein. 

A fundamental structure of the fiber-optic gyro- 

16 



scope of this invention is shown by Fig.2. Th funda- 
mental n can b transformed : into various v rstons 
along with th id a f this invention. Embodim nts 
will be demonstrated in accqrdgnce with referring fig. 
5. ures. • . , 

[EMBODIMENT 11 

\ Fig.5 shows an, embodiment of this invention. 
This is an example of a gyroscope of phase- 
modulation type. An APC (Automatic Power Control- 
ler) circuit (9) drives a light emitting device (1) to emit 
light beams by supplying a pertinent current The light 
beams emitted from the light emitting chip (1 ) enter an, 
end of an optical fiber of a fiber-type polarizer (3). The 
polarizer (3) can be selected arbitrarily among a bulk 
crystal polarizer, metal-dielectric multilayer polarizer, 
a fiber-type polarizer, etc. Here, a fiber-type polarizer 
is depicted in Fig^S. The backward emitting beams are 
sensed by a rear monitoring diode (11). Another end 
of the fiber-type polarizer is connected to an end of 
a fiber coupler (4) (beam dividing-and-combining de- 
vice) at a junction (39). Another two ends (40) and 
(41) of the fiber coupler (4) are connected to ends of 
a fiber coil (5). The fiber coH (5) is made by winding 
a single-mode fiber around a bobbin many turns. A 
phase-modulator (14) is equipped with one end of the 
fiber coil (5). A sine wave oscillator (15) applies AC 
modulation voltage of sin fi t to the phase-modulator 
(14). The phase-modulator (14) gives the spreading 
beams the phase-modulation of sin XI X. This is an or- 
dinary structure of a phase-modulated gyroscope. 

The monitoring photodiode (11) monitors the light 
power emitted backward from the light source (1 ). The 
output of the monitoring photodiode (11) is connected 
via a resistor to the APC circuit (?) for controlling : 
the driving current of the light source from the APC 
circuit (9). In this embodiment, a signal is obtained by 
the voltage between terminals (12) of the resistor 
R t . The signal is amplified by a differentialamplifier 
(18) and is synchronously demodulated by a syn- 
chronous detector (16). A carrier which determines 
the timing of the synchronous demodulation is sup- 
plied by the sine wave oscillator (1 5). The result of the 
synchronous detection is output at a terminal ( 1T). 

The light beams emitted from the light source (1) 
are linearly-polarized by the fiber-type polarizer (3). 
The polarized beams are divided into halves by the 
fiber coupler (4) (beam dividing-and-combining de- 
vice). The divided beams enter both ends of the fiber 
coil (5) and spread clockwise and counterclockwise 
many times in the single-mode fiber coil (5). When 
the fiber coil is rotating, a phase difference A9 occurs 
between the clockwise beam and the counterclock- 
wise beam. The beams with th phase differenc AO 
are again united at the beam dividing-and-combining 
device (4). The unit d b ams pass through the polar- 
izer (3) in the revers dir ction and return th light 
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: sourc (1)i Part of the return iriig beams further reach 
th monitoring photodiode (11 ). Two beams int rfere 
With each other at th monitoring photodiod (11). 
The intensity of the interfering beams is sensed by 
the monitoring photodiode (11). L 

Since the light beams have been phase- 
modulated, the intensity of the interfering beams in- 
cludes a series of harmonics of frequencies of mQ/27i 
is with coefficients of the m-th Bessel functions. Here 
- & is the phase-modulation frequency, "rh" denotes in- 
Megel; m= 1 is a fundamental component, m = 2 is the 
second harmonics, m = 3 is the third harmonics and 
so on. Then the output of the monitoring diode is syn- 
chronously demodulated by the fundamental carrier 
of frequency Clf2n or by higher order harmonic carri- 
ers ofcfrequencies mO/2rt. The synchronous detection 
gives the. result including the phase difference AG in 
thevform of sirtA9. . 

gamely, the detection of the phase difference is 
able to be carried out by the ordinary signal process- 
ing circuit similar to the conventional phase- 
modulation gyroscopes. In addition to the fundamen- 
tal wave, if the second harmonics orfourth harmon- 
ics are detected synchronously by 20/2* or 4n/2jc, 
important ; parameters can be well stabilized. The 
power of tight source is controlled; the intensity of 
phase modulation is adjusted at a suitable level and 
the scale factor is stabilized: Such optimization of 
parameters by second harmonics has been also done 
in prior phase-modulation gyroscopes. The functions 
will be explained by Fig. 12 later. 

[EMBODIMENT 2] 

Fig.6 shows another embodiment. The embodi- 
ment is approximately as same as the embodiment 1 
except non-existence of a polarizer. Other compo- 
nents^are omitted from Fig.6, because they are quite 
similar to Fig.5. A light source (1) has the selectivity 
-of polarization. The light source (1) emits the beams 
with^efinite linear polarization. The selectivity of po- 
larization of the light source enables the gyroscope to 
reduce a polarizer. The returning beams have an in- 
fluence on the emission performance through the in- 
teraction between the beams just occurring in the ac- 
tive Jay ers.and the beams returning from the fiber 
coil. t The interaction requires the coincidence of the 
.polarization of the returning beams with the occurring 
beams* In other words, other components having po- 
larization planes different from the polarization of the 
occurring beams do not have the influence upon the 
emission performance of the light source. Since the 
light source emits only the beams with definite linear 
polarization, the light source itself plays the rote of a 
polarizer. Therefore, the light sourc det cts only the 
beams with the polarization of th occurrence 
beams. 

The selectivity of polarization depends on the 



property of the light source; S micohductor las r di- 
odes generat linearly-polarized beams. Thus laser 
diodes have high selectivity of polarization. Laser di- 
odes possess the function of polarizer. Most laser dk 

5 odes enjoy the selectivity of polarization. Some of su- 
per luminescent diodes generate beams with definite 
linear polarization at a moderate driving current Al- 
, most all superluminescent diodes emit beams' with 
definite linear polarization at a high driving current 

io Omission of polarizer will not lead to the occurrence 
of phase difference due to the discrepancy of polari- 
zation in the case of the light source with high selec- 
tivity 6f polarization. 

15 [EMBODIMENT 3] ■ 

Third embodiment is shown by Fig:7^ This is an 
improvement of embodiment 1 of Fig.5 which inter- 
poses a polarizer (3) at the initial f iber path; It is de- 

20 sirable to make the fiber cofl (5) with a polarization 
maintaining fiber for keeping the polarization planes 
of the spreading beams in a definite direction in Fig.5. 
Fig.7 proposes the interposition of a depolarizer (20) 
between a coupler (4) and a single-mode fiber coil (5). 

25 The depolarizer (20) converts any polarization state 
into non-polarization state in which polarization of all 
beams cancels out and the sum of the polarization 
vectors is zero. Even if the rotation of polarization 
happens in the single-mode fiber coil, half power of 

30 beams can pass through the polarizer (3) without fail. 
In general, a depolarizer can be fabricated by joining 
two birefringent materials with their optical principal 
axes inclining at 45 degrees each other. Here two po- 
larization maintaining fibers (birefringent fibers) are 

35 spliced with the principal axes twisting at 45 degrees. 
The joints of fibers are denoted by W in Fig;7. 

[EMBODIMENT 4] 

40 Fig.8 exhibits fourth embodiment; A fiber coil (5) 

is made from a single-mode fiber* The position of a 
depolarizer (21) is different from embodiment 3 of 
Fig.7. The depolarizer (21) is interposed between a 
fiber coupler (4) and a fiber-type polarizer (3). The 

45 function is similar to embodiment 3. The depolarizer 
(21) consists of two polarization maintaining fibers 
gluing together with the optical principal axes inclin- 
ing at 45 degrees. 

so [EMBODIMENTS] 

Fifth embodiment of Fig. 9 is obtained by simpli- 
fying embodiment 4. Instead of the depolarizer (21), 
a birefringent fiber (22) joins with ah end of a f iber-ty- 
55 p polarizer (3) with the optical principal axis inclining 
at 45 degre s to the principal axis of th polarizer. 
Sine a polariz r forgiv s only one tin arly-polariz d 
b am to pass through, on birefringent material co- 
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hering to the polariz r with a 45 degr e twisting angle, 
has a function as a depolarizer. This embodiment cur- 
tails one birefringent fiber. 

[EMBODIMENTS] 5 

Fig. 10 shows another embodiment A bulk, dis- 
crete beam splitter (23) is adopted as a beam dividing- 
and-combining device. The beams emitted by a light 
source (1) are divided by the beam splitter (23). The 10 
beams dispersing from the light source (1) are trans- 
formed into parallel beams by a lens (10)* The beams 
enter the beam splitter (23). Half of beams pass 
through the beam splitter (23) and converge by a lens 

(25) to an end of a fiber coil (5). Another half beams 15 
reflect at the beam splitter (23) and converge by a 
lens (24) to another end of the fiber coil (5). The 
beams propagate in the fiber coil clockwise or coun- 
terclockwise. The beams are integrated again at the 
beam splitter (23), penetrate the lens (10) and go 20 
back to the light source (1). Part of the returning 
beams further reach a rear monitoring photodiode 

(1 1 ). The disposition of Fig. 1 0 resembles Fig.3 which t 
has not been put into practice because of the occur- 
rence of path difference at the beam spl itter. How- 25 
ever, unlike Fig.3 t this embodiment is fully immune 
from the difficulty derived from the occurrence of 
path difference between the clockwise beams and 
counterclockwise beams due to the mirrorrsymmetric 
disposition of the photodetector (11) and the light 30 
source (1) with regard to the beam splitter. 

[EMBODIMENT 7] 

Fig. 11 shows an improvement of Fig. 10. This em- 35 
bodiment employs a polarizer (26) between a light 
source (1) and a beam splitter (23). Such a polarizer 
has been also used in prior gyroscopes. The polarizer 

(26) lets only the returning beams with the polariza- 
tion similar to the occurring beams interact with the 40 
light source (1). 

[EMBODIMENT 8) 

Fig. 1 2 shows an improvement of the signal proc- 45 
essing. Embodiment 1 of Fig.5 can obtain only the 
fundamental signal by the synchronous detection by 
the fundamental carrier. This embodiment can detect 
second harmonics and fourth harmonics by syn- 
chronous demodulation in addition to thefundamen- 50 
tal wave. Three synchronous detectors (16), (27), and 
(28) are provided in the embodiment. The first syn- 
chronous detector (16) deduces the fundamental sig- 
nal (17) by detecting the output of the differential a m- 
pljfi r synchronously by th modulation fr qu ncy 55 
XM2n. Th second detector (27) extracts the second 
harmonic signal (29) by det cting the output of th 
ampltfi r (18) by the 2nd harmonic carri r. Th 2nd 



harmonic carrier is produced by a twice-multiplter 
(31) from th basic carri r of a sine way oscillator 
(15), The fourth carrier can h% obtained by a twice- 
multiplier (32) from the second harmonic carrier. The 
phases of the carriers have adjusted, to coincide with 
the phases of the harmonics signals. Instead of mul- 
tiplying the modulation frequency, each order of car- 
t riers can be otherwise-obtained by another way. An 
oscillator originates high-frequency signal. The mod- 
ulation frequency of a phase-modulator (14) is ob- 
tained by dividing the original signal several times. A 
few times of dividing will grve the synchronous detec- 
tors (28), (27) ano\(16) the fourth order carrier, the 
second order carrier and the fundamental , carrier re- 
spectively. 

The other parts are similar to that of Fig.5. A dif- 
ferential amplifier (18) amplifies the voltage V 1 which 
is in proportion to the photocurrent of a monitoring di- 
ode (11 ). The second harmonics and the fourth har- 
monics can adjust the light power and the modulation 
depth. In this case, the harmonic signals shall be fed 
back to an APC circuit (9) for stabilizing the power of 
the light source. In stead of adjusting the light power, 
the quotient of t he fundamental signal (17) divided by 
the second harmonics (29) or the fourth harmonics 
(30) will designate the phase; difference AO in the 
form of tan A9 independent of the lig ht power. 

Furthermore, if the strength of phase modulation 
is adjusted so as to extinguish the second harmonics, 
the depth of phase modulation can be kept to be a 
constant value. The output of the monitoring diode in- 
eludes an infinite progression of harmonics with coef- 
ficient of Bessel functions. The second harmonics 
has coefficient J2^). where £ is the modulation con- 
stant. Extinguishing the second harmonics ( J 2 (4) = 
0 ) leads to ^ = 5.2. 

[EMBODIMENT 9] 

A next problem relates to the light source: As pre- 
viously clarified, this invention prefers a light source 
having multilongitudinat modes in spectrum accom- 
panied by stimulated emission. The light emitting de- 
vice having the intermediate property between an 
ideal laser diode and an ideal superluminescent di- 
ode is suitable for the light source of this invention. 
There is not such a light emitting device on the market 
at present. It is impossible to get such a light emitting 
device on sale. However, a suitable light source can 
be gained by improving t be current light emitting de- 
vices. For example, a suitable light emitting device 
can be fabricated either by reducing the AR coating 
at the ends of a superluminescent diode or by in- 
creasing the driving current to some extent. The prep- 
aration of the pertinent light sources has air adyb en 
clarified by Fig. 1 4. A sup rluminescent diode can b 
conv rted into a pref rabl device with a long r co- 
her nt length and many longitudinal modes in spec- 



18 



35 



EP 0 586 242 At 



36 



trum. 



[EMBODIMENT 10] 



[EMBODIMENT 11] 



A pertinent light emitting device can otherwise be s ; 
obtained from a laser diode with a single longitudinal 
mode. The longitudinal mode is stable in a laser di- 
ode^OBly^when the driving current is stable. Stability 
of the longitudinal mode demands the stability of the 
driving current When the driving current is modulat- 10 
ed athigh frequency, a laser diode yields multilongi- 
tudinatmodes. 

K;Y.Lau, Ch. Harder & A. Yariv, "Longitudinal mode 
, spectrum of GaAs • 

injection is< 
laser^under high-frequency microwave modulation", 
Appln.vPhys. 

Lett voL43(7) t (1 983)p61 9. 

kau et al. wrote that when modulation current of 
the frequency higher than 1 GHz is supplied to a laser 2b . 
diode, some longitudinal modes appear in proportion 
to the intensity of modulation. 100 % of modulation in- 
tensity : reveals plural longitudinal modes whose 
peaks are as high as half of the height of the main 
peak of the basic longitudinal mode. The appearance 25 
of multilongitudinal modes has been a serious prob- 
lem for reducing the .transmission band width in op- 
toelectronic communication so far. 

However* this invention makes advantage of the 
property positively and effectively. Namely, a laser di- 30 
ode is converted to a suitable light source of the gy- 
roscope of this invention by modulating the laser di- 
ode at high frequency in order to increase longitudinal 
modes. The multilongitudinal modes broaden the 
emission spectrum: The coherent length becomes 35* 
short effectively due to the wide spectrum. 

Longitudinal modes have: sharp subpeaks. The 
effective jaarrowness of the subpeaks facilitates the 
stimulated^ emission. Returning beams affect the 
emission performance of a laser diode because of the 40 
narrow? peaks. The intensity of the returning beams : 
can behind irectiy sensed by measuring the back emit- 
ting beams from the light source by the monitoring 
photodiode with the amplitude of driving current 
which is kept to be constant Otherwise, the intensity 45 > 
of thejreturning beams is measured by maintaining 
the light power at a constant level and by monitoring 
the cha/ige of the amplitude of AC driving current 
The night frequency modulation of a laser diode reduc- 
es the coherent length without suppressing the inter- so 
action between the returning beams and the occur- 
rence beams. In this case the beams can be phase- 
modulated. The frequency of source current modula- 
tion for reducing coherency is much higher (several of 
GHz) than the frequency of the phas -modulation 55 
(from kHz to hundreds of kHz). The phas modulation 
signals can easily be deduced from th original sig- 
nals of the monitoring diode or the light emitting de- 



Another embodiment is shown by Fig' 15. All fib- 
ers are replaced by birefringent fibers (PM fibers). 
The fiber coi! is made from a birefringent fiber (polar- 
ization maintaining fiber). The fiber coupler is also 
produced with birefringent fibers. Other parts are 
similar to embodiment 1 of Frg.5; The beams eman- 
ating from: the light source are converged by a lens 
(10) to an end of the polarization maintaining fiber (8). 
The beams spread in PM fibers; keeping definite po- 
larization tn accordance with the anisotropy of the bi- 
refringent fiber. The beams are divided into halves by 
a PM fiber coupler (4), maintaining the polarization by 
the anisotropy of the PM fibers. The divided beams 
spread in a PM fiber coil (5) clockwise and counter- 
clockwise; Since the polarization does not rotate in 
the PM fibers, the clockwise-spreading beam and the 
counterclockwise-spreading beam propagate in the 
same paths. The effective optical paths are exactly 
equal to both the clockwise beam and the counter- 
clockwise beam. The junctions; of fibers are denoted 
by x. The clockwise beam arid counterclockwise 
beam are reunified by the fiber coupler (4); The uni- 
fied beams return to a light source (t)l The returning 
beams interfere with each other in the light source 
(1). The light source is affected by the interfering 
beams. The occurring beams interact with the return- 
ing beams. The back emitting beams are monitored 
by a photodiode (11) mounted on the bottom of the 
light source case. A signal can be obtained from the 
driving current, driving voltage of the light source (1) 
or photocurrent of the photodiode (11). 

[EMBODIMENT 12] 

Instead of optical fibers, glass and dielectrics, 
semiconductor crystal can construct a ring interfer- 
ometer which can maintain a definite linear polariza- 
tion plane of beams in overall optical paths; The prin- 
ciple is similar to that shown by Fig. 15 But this exam- 
ple employs no fibers. A spiral path can be fabricated 
on a dielectrics by forming a vortex light waveguide 
by photolithography. A coupler can be obtained by 
forming two light waveguides on a dielectrics which 
couple with each other by evanescent waves. Fortu- 
nately, twordimensional waveguides fabricated oh 
glass or dielectrics have a function for maintaining a 
definite linear polarization of beams owing to the two- 
dimensional anisotropy. The geometric anisotropy of 
waveguides gives different phase constants to the 
beams with the polarization parallel with the surface 
and the beams with the polarization perpendicular to 
the surface. 
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[EMBODIMENT 13] 

All paths ar built with single-mode fibers as 
shown in Fig. 16. A fiber coupler and a fiber coil are 
made from single-mode fibers. A depolarizer (20) is s 
interposed between the coupler and the coil, x's de- 
note junctions of fibers. The depolarizer (20) converts 
any polarization state into non-polarized state. Even 
if the polarization rotates in a single-mode fiber, the 
intensity of the interfering beams does not change. 1 o 
The output signal is not affected by the rotation of po- 
larization. 

Since a single-mode fiber is cheaper than a po- 
larization maintaining fibers this embodiment can be 
produced at a lower cost than embodiment 1 1 of Fig. 15 
15. The embodiments of Fig.5, Fig.7, Fig.8 and Fig.9 
employ fiber-type polarizers. The polarizer determi- 
nes the polarization of beams to a definite direction. 
Coincidence of the polarization ensures the clock- 
wise beam and the counterclockwise beam the inter- 20 
ference with each other. However, fibeMype polariz- 
ers are difficult to fabricate. There are several kinds 
of polarizers accessible to a fiber-optic gyroscope. 
One is a fiber-type polarizer produced by winding a bi- 
refringent fiber around a bobbin; This is expensive be- 25 
cause of the use of the birefringent fiber. Another one 
is produced by grinding a side of a bent fiber till the 
core reyeals and gluing a metal; plate on the revealed 
surface. The beams having polarization parallel with 
the metal surface attenuate by generating eddy cur- 30 
rent The other beams having polarization perpendic- 
ular to the metal surface are intact. Thus the device 
acts as a polarizer. The third version is similarly pro- 
duced by grinding a side of a bent fiber till the core re- 
veals and gluing a birefringent material. The beams 35 
with some polarization go out from the boundary be- 
tween the fiber core and the birefringent material. 
The other beams with the other polarization are re- 
flected at the boundary. The device plays the role of 
a polarizer. Therefore, any polarizers suitable for a fib- 40 
ex are difficult to make. This embodiment interposes 
a depolarizer instead of a polarizer. Displacement of 
a polarizer by a depolarizer facilitates the production 
of the embodiment 

A depolarizer can be made by joining two birefrin- 45 
gent materials with the anisotropic axes inclining at 
45 degrees. The ratio of lengths of two birefringent 
materials is in many cases settled to be 2:1. Other ra- 
tio is also available as long as the path difference be- 
tween the two beams with perpendicular polarization so 
planes is longer than the coherent length of the light 
and the path difference between two birefringent ma- 
terials is longer than the coherent length of the light 
A depolarizer easy of access is the one consisting of 
two birefringent crystals joined tog therwithth ani- 55 
sotropic axes twisting at 45 degrees. Another d po- 
larizer is the fiber-type one which is produced from 
two birefringent fibers by adjusting the optical princi- 



pal ax s twisting at 45 degre s and splicing tw fib- 
ers. Th optical path differ nc between th ordinary 
beams and th xtraordinary beams in each bir frin- 
gent fiber must be longer than the coherent length of 
the light 

Here the birefringence is denoted by B (= n x - riy). 
L t and t 2 are lengths of the birefringent materials 
(tt<L2).C is a coherent length of the light source. Re- 
alization of depolarizer requires conditions BL t >C, 
Bt 2 >C and B(L2-L t )>G. If a depolarizer is produced 
with birefringent fibers having a large birefringence of 
about 5x1 Or 4 and a light source has a short coherent 
length of about 50 urn, about 1 m long fibers are suf- 
ficient to build a depolarizer. There exist light sources 
of such a short coherent length and birefringent fibers 
of such a high birefringent However, they are still ex- 
ceptional, expensive ones at present 

[EMBODIMENT 14] 

It is preferable to use: commonplace; parts from 
the standpoint of lowering the production cost. Name- 
ly, alleviation of the cost demands the adoption of 
light sources of longer coherent lengths and birefrin- 
gent fibers of less birefringence. For example, an or- 
dinary laser diode has a coherent length of about 1 
mm. In this case, it takes several meters of birefrin- 
gent fibers of; the high birefringence to build a depo- 
larizer for the ordinary laser diode. Furthermore, use 
of less birefringent fibers and an ordinary light source 
will require very long birefringent fibers of about sev- 
eral hundreds of meters. In the case it is preferable to 
assign the role of a depolarizer to the fiber coil itself. 
Thus, the fiber coil shall possess the functions of a 
depolarizer as well as a sensing coil. It may sound 
strange to construct a depolarize by a fiber coil. Two 
long polarization maintaining f ibers of the length ratio 
of 2:1 are connected at the ends in the disposition 
where the anisotropic optical axes twist at 45 de- 
grees. Then the connected fibers are wound many 
turns in a coil. The fiber coil is entirely made from bi- 
refringent fibers. But it is not fully equivalent to Fig. 15 
in which the birefringentf iber(PM fiber) has no junc- 
tion in the coil. 

[EMBODIMENT 15] 

Interposition of a polarizer will also enhance the 
performance in the gyroscope of this invention. A po- 
larizer is installed in the fiber path in tile examples of 
Fig.5, Fig.7, Fig.8 and Fig.9. Here for the sake of its 
simple structure, a polarizer shall be inserted be- 
tween the light source and the fiber path. Prior gyro- 
scopes (Fig.2) have positioned a polarizer(3) in the in- 
termedial fiber path between the first coupler (4) 
and the second coupler (2), b caus progressing 
beams and regr ssing beams must pass through the 
polariz r. Fig.26 demonstrates a typical prior gyro- 
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scope in Which a f iber-typ polarizer (3) is inter v hed 
in the interrhediat path between th fiber couplers 
(4) and (2). 

Fortunately; since the light source plays the role 
of a photodetector in this inventibh; the polarizer can 5 
be inserted between the light source and the begin- 
ning end of the fiber. Regressing beams as well as 
progres^'ng beams pass through the pblarizer just in 
front of the light source. The poss ibOity of disposing 
a polarizer in a free space before the initial end of a 10 
f ibetiwidehs the range of selection of polarizers. The 
enhanced freedom of selection of polarizers, enables 
the gyroscope to use less expensive polarizers. Fig. 
1 7 shows an example in which a polarizer plate or bi- 
refringent material plate intervenes between a light 15 
source^ )arid a fiber end. The light beams emanating 
from the light source (1) are converted by the polar- 
izer to linearly- polarized beams; The beams are con- 
verged bye lens (10) to the beginning end of the fiber 
(8) arid divided into halves by the beam dividihg-and 20 
-integrating device (4). The divided beams spread in 
a fiber coil (5) clockwise and counterclockwise. The 
beams are integrated by the beam dividing-and-corn- 
binihg device (4), The integrated beams penetrate the 
lens (1 0) and the polarizer and return the light source ■ 25 
(1). Since the polarizer arranges the polarization 
planes of the clockwise- and counterclockwise- 
spreading beams in the same direction, the returning 
beams can interact with the light source with high ef- 
ficiency. 30 

[EMBODIMENT 16] 



(EMBODIMENT 18] 

= A birefring nt materiar(46) replac s the polarizer 
(45) of embodiment 17 of Fig. 18. - 

[EMBODIMENT 19] 

Fig.1 9 shows another example of a holder. A po- 
larizer plate (47) is interposed slantingly between the 
lens (43) and the fiber end. The cantilever fixation 
simplifies the structure of the lens holder. 

[EMBODIMENT 20] 

A birefringent material plate (48) is obliquely inter- 
posed between the light source and the fiber end in- 
stead of the polarization plate (47). The birefringent 
plate (48) excludes either ordinary beams or extraor- 
dinary beams from the optical path. 

[EMBODIMENT 21] 

Fig.20 is a sectional view of a cap of a light source 
of another embodiment A light source chip (1) and a 
monitoring diode chip (11) are installed on a mount A 
cap (49) encloses the light source chip (1) and mon- 
itoring photodiode chip (11). Conventionally a glass 
window seals an opening of the top cap (49); But a po- 
larizer window (50) or a birefringent window seals the 
cap (49) in this embodiment The polarizer or birefrin- 
gent material has the function of selecting beams of 
a polarization plane as well as the function of sealing 
the package. 



A birefringent material pfate is interposed be- 
tween the light source (1) and the fiber (8) in stead 35 [EMBODIMENT 22] 
of the polarizer. The birefringent material gives ordi- 
nary beams and extraordinary beams different refrac- 
tive indexes and different optical paths. Thus the bi- 
refringentMriaterial can exclude either the. ordinary 
beams or the extraordinary beams from the optical 40 
pathi The other beams propagate in the path alone. 



[EMBODIMENT 17] 



Fig.21 is a front view of a ferrule of another erm 
bodiment. A metal or plastic ferrule is fixed at a front 
end of a fiber (8). A polarizer chip or birefringent chip 
(52) is fitted at the front of a ferrule (51). The ferrule 
(51) will be inserted into a flange of a lens holder, as 
shown in Fig.1 8 or Fig. 19. This version is easily prac- 
ticed by a trivial amendment of a ferrule. 



Fig.1 8 is an enlarged section of a holder (40) for 45. 
sustaining, a fiber end. A light source chip (1) and a 
monitoring photodiode (11) are installed on a mount 
(44).: The mount (44) is fixed in a lens holder (40). A 
ferrulev(41),is affbced 9t4he beginning end of an opt- 
ical if iber(8): The ferrule (41) pierces a cavity of a , so 
flange (42); Alens (43) lying in a hole of the lens hold- 
er (40) converges the beams emanating from the Hght 
source chip on an end of the fiber (8). A polarizer (45) . 
is interposed between the lens (43) and the fiber 

nds for arranging th polarization planes of the pro- 55 
gressing beams and regressing beams. 



[EMBODIMENT 23] 

Fig. 25 demonstrates a fundamental structure of 
the gyroscope of phase-modulation type of this in- 
vention as well as Fig;5 or Figv12. A light source is 
driven by a constant current. The photocurrent of the 
monitoring photodiode is amplified and demodulated 
synchronously by the carrier signal from the phase- 
modulator. The examples described so far drive the 
light source at a. constant DC current Since the 
chang of th emission state depending on the re- 
turning beams is an object of obs rvation, th source 
should be driven by th constant DC current The light 
source interacts with the returning beams. The signal 
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is obtained by measuring the phptocurr nt of th 
monitoring diode under the condition of ke ping eith- 
er th driving current or the driving yoltag constant. 
Otherwise, the signal can be obtained from the 
change of the driving current under the condition of - ; 
keeping the photocurrent of the monitoring diode 
constant 

However, since, the embodiments curtail one 
photodiode and the monitoring diode is used for sens- 
ing the intensity of the returning. beams, 
the, embodiments cannot maintain the light power at 
a constant level. Originally the monitoring photodiode 
(11) has been installed for monitoring the power of the 
light source and maintaining the power at a constant 
value. This invention diverts the monitoring photo- 
diode into the device formeasuring the intensity of in- ; 
terfering beams. The photodiode can no longer mon- 
itor the power of the light source. 

However, a little improvement enables the moni- 
toring photodiode (11) both to monitor the light power 
of the light source and to detect the phase difference 
AG. As shown in Fig.22, direct back beams P G (broken 
line) just generated in the light source. (1) enter the 
monitoring diode (11). The returning beams Pc (solid 
line) from the fiber coil penetrate the source (1) and 
enter the monitoring diode (11). The photodiode (11) 
senses the sum of Pc and P c . In this case, the light 
source (1) shall preferably be modulated by the fre- 
quency f 6 ; Fig.23(a) demonstrates the wave form of 
the modulation signal for the light source. Of course, 
the light source is a diode; The current flows at the 
diode only in the forward direction, in the half cycle 
of negative bias, no current flows and no light eman- 
ates. The light source emits light only in the other half 
cycle of positive bias. 

Superposition of modulation AC current upon the 
constant DC current displaces the wave form of 
Fig .23 (a) upward by the DC current bias, the wave 
form of the direct back beams P c is denoted by 
Fig.23(b). The direct back beams reveal no time delay 
regarding the modulation wave of Fig.23(a). However, 
the returning beams Pc from the fiber coil delays by 
x from the modulation signal as shown in Fig.23(c). 
The delay time x=nL/c can discern the returning 
beams Pc from the direct back beams P Q > where n is i! 
the refractive index of the fiber, L is the length of the 
fiber of coil and c is the light velocity. The power of 
the light source can be obtained by detecting synchro- 
nously the output of the monitoring diode by the car- 
rier denoted by Fig.23(a) which has the same phase 
as the driving bias has. Thus, two different signals 
can be deduced from the output of the monitoring di- 
ode. 

Fig.24 shows an embodiment having such a de- 
vic for monitoring th light power. A sine wave oscil- 
lator (60) drives a light source (1) with AC voltage of 
fr quency f Q ( or with DC + AC ). A f ib r path at the 
end of the fiber coil is provid d with a phas - 



modulator (14). Another sine wav oscillator (15) 
drives th phas -modulator (14) with AC voltage of 
frequ ncy f m . The signal is deduced from th photo- 
current of a monitoring diode (11). The photocurrent 

s-.r- is amplified by an amplifier (18). 

A first synchronous detecting circuit (PSD 1 )(61 ) 
demodulates the amplified signal with the first carrier 
of frequency f m of the phase-modulation. This demod- 
ulation has been always done in the phase- 

10 modulation gyroscopes. This demodulation gives t he 
fundamental, component of„ the sig nal. Another de- 
modulation by a carrier of frequency nf m (minteger) 
, offers the n-th harmonics of the signal. The funda- 
mental component and harmonic components in-. 

15 elude the phase difference AO between the ciock- 
wiserbeam and counterclockwise-beam. 

A second synchronous detecting circuit 
(PSD2)(62) demodulates the amplified photocurrent 
by a carrier of the frequency f Q and the phase same 

20 as the driving signal of the light source. The result 
brings about the intensity of the light power immune 
from the influence of the returning beams* A divider 
(63) divides the output of the first detecting circuit 
(PSD1) by the output of the second detecting circuit 

25 (PSD2). The quotient is a signal free from the fluctu- 
ation of the light power. 

[EMBODIMENT 24] 

30 Embodiment 23 has employed the direct modu- 

lation of the light source. Otherwise indirect modula- 
tion of the light intensity is also available. A modulator 
is installed midway in the optical path. Light beams 
are modulated by the modulator with the frequency f 0 . 

35 Like the former embodiment, the output of the moni- 
toring diode is demodulated by a carrier of frequency 
f c and a carrier of frequency f^. In this case, the re- 
turning beams are also modulated with the frequency 
f c in amplitude. The frequency f 0 is far smaller than f m . 

40 Fop example, the power of the light source can be ob- 
tained by demodulating; the photocurrent by the fre- 
quency f m and taking average of the demodulated sig- 
nal in the time length of 2ji/f 0 . 

45 [EMBODIMENT 25] 

It has been explained that the birefringent mate- 
rial (65) interposed between the light source and the 
fiber (8) is an equivalent of a polarizer, as shown in 

so Fig .34. Fig.37is an embodiment utilizing the selection 
of polarization by a birefringent material. A light 
source and a birefringent material are unified into a 
light source module (64). The light source module (64) 
is connected to an end of a fiber (8). The beams 

55 spreading in the fib r (8) are divided in half at a fiber 
coupler (4). Th beams propagat in the fiber coil 
clockwis and counterclockwise. A phase-modulator 
(14) modulates phases both of clockwise-spreading 
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beam ahcf 'of couriterdockwise-spreading ' beam. 
What is important in this embodiment is the selection 
of polarization by a birefringent material. Fig.36 xhib- 
its the light source module (64) in detail. The light 
emitting device is a superluminescent diode (1) fixed 5 
on a protrusion of a mount in a lens holder (40). A 
monitoring photodiode (11) is provided at the back of 
- 1 he^superluminescent diode chip (1 ). A refractive- in- 
dex-distribution-type lens (43) and a birefringent 
crystal (67) are aligned in front of the light source (1). 10 
The birefringent crystal spatially separates an ordi- 
nary beam arid an extraordinary beam due to the dif- 
ference of the refractive index for two beams. A flange 
(42) covers a front opening of the lens holder (40). A 
ferrule (41) of a fiber (8) is inserted into a hole of the 15 
flange (42). The 2-dimensional position of the flange 
(42) on the surface vertical to the optical axis has 
been adjusted so as tq select any one of the ordinary 
beam^br the extraordinary beam to converge on the 
beginning end of the fiber (8). The beams emanating 26 
from the light source are converted into linearly-po- 
larized beams by the birefringent crystal (67), e.g. 
quartz crystal. The birefringent crystal acts as a po- 
larizer! 

' ' • ' ' ■ •" 25 

[EMBODIMENT 26] 

Another light source module (69) is given by 
Fig.38. A birefringent device arid a lens are integrated 
into one: A ball lens (48) is made from birefringent ma- 30 
terial, e.g. quartz. The birefringent lens selects the 
polarization of beams as well as converges beams on 
the fiber core. 

[EMBODIMENT 27] 35 

Fig.35 shows a polarization selection device util- 
izing 1% birefringent crystal. Ferrules (71) and (71) are 
fitted at ends of fibers (8) and, (8). Receptacles (70) 
and (70) are glued on both surfaces of a birefringent 40 
crystal (66) which divides ordinary beams and extra- 
ordinary beams in the direction of the anisotropic 
axis. The 2-dimensional position of the receptacles 
on the surfaces has been adjusted in order to lead 
only an ordinary beam or extraordinary beam to the 45 
fiber end. This polarization selection device is inter- 
posed in a fiber path of a fiber-optic gyroscope in or- 
der to polarize the beams. The fiber-type polarizers 
in Fjg,5, Fig. 7 and Fig.8 can be replaced by the po- 
larization selection device. The replacement reduces 50 
the parts cost of gyroscopes. 

Claims 

55 

1. . A fiber-optic gyroscop obtaining signals from a 
light source for measuring an angular velocity 
from a phas differenc betw en clockwise- 



spreading beams and counterclockwise-spr ad- 
ing beams in a fiber coil comprising: 

a light sourc for emitting monochromatic 
or quasi-monochromatic light beams, 

a monitoring photodiode for monitoring a 
light power emitted from it he light 'source, 

a beam dividing-ahd-combining device for 
dividing the beams from the light source and for 
integrating the beams returning to the light 
source, and 

■ a f iber coil for propagating beams from trie 
beam dividing-and-combining device clockwise 
and counterclockwise, 

wherein the beam dividing-ahd-combining 
device leads the beams returning from the fiber 
coil to the light source, the light source is pertur- 
bed by the returning beams, emission perfor- 
mance is changed by the returning beams, and 
an angular velocity is obtained by a change of 
emission performance of the light source. 

2. A fiber-optic gyroscope as claimed in claim 1, 
wherein the tight source is controlled to maintain 
t he-light power at a constant value by ah automat- 
ic power controller arid the monitoring photo- 
diode, the change of the emission performance 
has an influence on a driving current of the light 
source, and the angular velocity is obtained by a 
change of the driving current of the light source. 

3. A fiber-optic gyroscope as claimed in claim 1, 
wherein the tight source is controlled to maintain 
the light power at a constant value by an automat- 
ic power controller and the monitoring photo- 
diode, the change of the emission performance 
has an influence on an applied voltage to the light 
source, and the angular velocity is obtained by a 
change of the applied voltage to the light source. 

4. A fiber-optic gyroscope as claimed in claim '1, 
wherein the light source is driven with a constant 
current, the change of the emission performance 
has an influence on an applied voltage to the light 
source, and the angular velocity is obtained by a 
change of the applied voltage to the light source. 

5. A fiber-optic gyroscope as claimed in claim 1, 
wherein the light source is driven with a constant 
current, the change of the emission performance 
has an influence on a photocurrent of the moni- 
toring diode, and the angular velocity is obtained 
by'a change of the photocurrent of the monitoring 
diode. 

6. A fiber-optic gyroscope as claimed in claim 1, 
wherein the light source is driven at a constant 
voltage; the chang of the emission p rformance 
has ah influ nc on a driving curr nt of th light 
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source, and th angular velocity is obtained by a 
change of the driving current 

7. A fiber-optic gyroscope as claimed in claim 1, 
wherein the light source is driven at a constant 5 
voltage, the change of the emission performance 

has an influence on a photocurrent of the moni- 
toring diode, and the angular-velocity is obtained 
by a change of the photocurrent. 

10 

8. A fiber-optic gyroscope as claimed in claim 1, 
wherein a phase-modulator is interposed at an 
end of the fiber coil, the returning light beams en- 
ter the monitoring diode, a photocurrent of the 
monitoring diode is synchronously detected by a 15 
carrier of the modulation frequency, and the an- 
gular velocity is obtained by a synchronously-de- 

. tected signal. 

9. A f iber r pptic gyroscope as claimed in claim 1 , 20 
wherein a phase-modulator is interposed at an 

end of the fiber coil, the returning light beams en- 
ter the monitoring diode, a photocurrent of the 
monitoring diode is synchronously detected by a 
carrier of the modulation frequency, another car- 25 
rier of twice of the modulation frequency, and the 
other carrier of third times of the modulation fre- 
quency in order to obtain a fundamental signal, a 
second harmonics and a fourth harmonics, the 
phase modulator is controlled so as to let the sec- 30 
ond harmonics vanish, and the angular velocity 
is obtained by a quotient of the fundamental sig- 
nal divided by.the fourth harmonics. 

10. A fiber-optic gyroscope as claimed in claim 1, 35 
wherein a phase-modulator is interposed at an 

end of the fiber coil, the light source is controlled 
by an automatic power controller in order to main- 
tain the light power to be a constant value, the 
change of emission performance has an influ- 40 
ence on a driving current , the driving current is 
synchronously detected by a carrier of the mod- 
ulation frequency, and the angular velocity is ob- 
tained by a synchronously-detected signal. 

• . — 45 

11. A fiber-optic gyroscope as claimed in claim 1, 
wherein a phase-modulator is interposed at an 
end of the fiber coil, the light source is controlled 
by an automatic power controller in order to main- 
tain the light power to be a constant value, the so 
change of emission performance has an influ- 
ence on a driving current the driving current is 
synchronously detected by a carrier of the mod- 
ulation frequency, another carrier of twice of the 
modulation frequency, and the other carrier of 55 
third tim softh modulation frequ ncy in ord r 

to obtain a fundamental signal, a s cond harmon- 
ics and a fourth harmonics, th phas modulat r 



.. , . is control! d so as to let the second harm nics 
vanish, and the angular velocity |s obtain dbya 
quoti ntof th fundamental signal divided by th . 
fourth harmonics. . . 

12. A fiber-optic gyroscope as claimed in claim 1, 
wherein the light source is a laser diode produc- 
.. ing light beams by induced emission accompa- 
nied by a plurality of longitudinal modes. 

13- A fiber-optic gyroscope as claimed in claim 1, 
wherein the light source is a super luminescent di- 
ode producing light beams by induced emission 
accompanied by a plurality of longitudinal modes. 

14. A fiber-optic gyroscope as claimed in claim 1, 
, . : wherein the fibers are made from polarization 

maintaining f ibers and all other paths except the 
fiber are made from parts which have a function 
of ma intain ing polarization of beams which prop- 
\ agate in the parts. 

15. A fiber-optic gyroscope as claimed, in claim 1, 
wherein the fiber coil is made from a single-mode 
fiber and one or more than one depolarizer are in- 
terposed in a light path. 

16. A fiber-optic gyroscope as claimed in claim 16, 
wherein a polarizer is disposed bet ween t he light 
source and the beam dividing-and-combining de- 
vice. 

17. A fiber-optic gyroscope as claimed in claim 1, 
wherein the fiber coil constructs a depolarizer as 
a whole. 

18., A fiber-optic gyroscope as claimed in claim 8, 
wherein, the light source is modulated at a fre- 
quency larger than a frequency of the phase- 
modulation, and back beams directly emitted 
from the light source are discriminated from the 
returning beams in an output of the monitoring 
photodiode by a difference of phase. 

; 19. A fiber-optic gyroscope obtaining^signals from a 
light , source for measuring an angular velocity 
from a phase difference between clockwise- 
spreading beams and counterclockwise-spread- 
ing teams in a fiber coil comprising: 

a light source for emitting monochromatic 
or quasi-monochromatic light beams, 

a light source being perturbed by returning 
beams at emission performance, a monitoring 
photodiode for monitoring a light power emitted 
from the light sourc , 

a birefring nt device align d in front of the 
light source with an anisotropic optical axis not 
parallel with nor vertical to incident beams for 



24 



47 



EP 0 586 242 A1 



48 



separating ordinary beams and extraordinary 
beams, 

an optical fiber with an end on which either 
ordinary beams or extraordinary beams con- 
verge, 5 

a beam dividing-and-combining device for. 
dividing the beams from the fiber and for integrat- 
ing the beams returning to the light source, and 
,,. a fiber coil for propagating beams from the 
beam dividing-and^combining device clockwise io 
■ and counterclockwise, : ■ > 

wherein the beam dividing-and-combining 
■ \ device leads the beams returning from the fiber 
A\ coil to the optical fiber, the optical fiber sends the 

light beams to the birefringent device, the bire- is 
1 fringent {device brings either of ordinary beams 
v and extraordinary beams lo the light source, the 
birefringent device acts as a polarizer, the light ■ 
source is perturbed by- ; t he returning beams, 
emission performance is changed by the return- 20 
ing beams, and an angular velocity is obtained by 
a change of the emission performance of the 
light source. 

20. A fiberoptic gyroscope as claimed in claim 19, 25 
wherein the the light source is controlled to main- 
tain the light power at a constant value by an au- 
tomatic power controller and the monitoring pho- 
todiode, the change of the emission performance 

has an influence on a driving current of the light 30 
source and the angular velocity is obtained by a 
change of the driving current of the light source. 

21. A fiber-optic gyroscope as claimed in claim 19, 
wherein the light source is controlled td maintain 35 
the light power at a constant value by an automat- 
ic power controller and the monitoring photo- 
diode, the change of the emission performance 

has an influence on an applied voltage to the light 
. source and the angular velocity is obtained by a 40 
change of the applied voltage to the light source. 

22. A fiber-optic gyroscope as claimed in claim 19, 
wherein the light source is driven with a constant 

. current, the change of the emission performance 45 
has an influence on an applied voltage on the 
light source and the angular velocity is obtained 
by a change of the applied voltage to the light 
source. v. 

50 

23. A fiber-optic gyroscope as claimed in claim 19, 
wherein the light source is driven with a constant 
current, the change of the emission performance 
has an influence on a photocurrent of the moni- 
toring diode and the angular velocity is obtained ss 
by a change of the photocurrent of the monitoring 
diode. 



24. A fiber-optic gyroscope as claimed in claim 19, 
wherein the light source is driv n at a constant 
voltage, the change of the mission performance 
has an influence on a driving current of the light 
source and the angular velocity is obtained by a 
change of the driving current. 

. 25. A fiber-optic gyroscope as claimed in claim 19, 
wherein the light source is driven at a constant 
voltage, the change of the emission performance 
has an influence on a photocurrent of the moni- 
toring diode and the angular velocity is obtained 
by a change of the photocurrent 

26. A fiber-optic gyroscope as claimed in claim 19, 
wherein a phase-modulator is interposed at an 
end of the fiber coil,,! he returning light beams en- 
ter the monitoring diode, a photocurrent of the 
monitoring diode is synchronously detected by a 
carrier of the modulation frequency, and the an- 
gular velocity is obtained by a synchronously-de- 
tected signal. 

27. A f iver-optic gyroscope as claimed in claim 19, 
wherein the birefringent device separates ordi- 
nary beams and extraordinary beams and leads 
either of the two to the core of the optical fiber 
by arranging the birefringent device satisfying 
the inequality; 

2|n e - n c )|t sin2a/(n e + n c ) > D f 
where n e and n Q are refractive indexes of extraor- 
dinary beams and ordinary beams respectively, 
t is a thickness of the birefringent device, a is an 
inclination angle of the anisotropic optical axis to 
the incident beams, and D f is a diameter of the 
core of the optical fiber. 

28. A fiber-optic gyroscope as claimed in claim 27, 
wherein the inclination angle of the anisotropic 
optical axis to the incident beam is about 25 de- 
grees to about 65 degrees. 

29. A fiber-optic gyroscope as claimed in claim 28, 
wherein the inclination angle is 45 degrees. 
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